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SOMETHING NEW for your Lab.! 


The National 


Teflon Coated SHEETING ROLL 


as shown with Three-roll-type Moulder 


“THREE-ROLL-TYPE” MOULDER 


for all size loaves 


Price—Moulder Only—$110.00 


Includes flexible coupling which drives the 
unit from speed reducer of the sheeting 
roll. Also gauge pins for both “pups” and 
larger loaves. 


Test Bake Moulding by “THREE- 
ROLL-TYPE” Moulder gives a 
mechanized action which is 


(1) Gentle 

(2) Effective 

(3) Ends of doughs not abused 
(4) Operation is visible 


1 Ib. SIZE (6” Width) TEFLON 
COATED SHEETING ROLL 
Adjustable to sheet “Pups” 
PRICE — Sheeter only, Teflon 
Coated—$240 


Includes motor, speed reducer with power 
take-off for moulder and foot switch. 


“PUP” SIZE (3” Width) 
SHEETING ROLL 


with same equipment 


$200.00 


IF THE SHEETER AND MOULDER ARE ORDERED AT THE SAME TIME THEY ARE 
MOUNTED ON A COMMON BASE AS SHOWN IN ILLUSTRATION AT NO EXTRA COST. 


NATIONAL MFG. COMPANY 


LINCOLN, NEBRASKA 
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FLOUR 
FOR 

MAN’S 

BREAD* 


A Brief History of Milling and 
Baking by SCIENCE WRITER 


EARLY AMERICAN GRAIN CULTURE 


When the earliest settlers came to what is now 
the United States they found a dense wilderness 
sparsely occupied by Indians who depended on 
fishing and a nomadic agriculture practiced in 
small openings in the forest 


Corn, or maize, was the staple 
grain of the Indians, and of 
the early settlers. It was as 
important to them as wheat, 
barley or rye were to the Euro- 
peans. Wheat was soon im- 
ported and grown by the 
colonists 


The Indians had a practice totally different from 
European grain culture. They cultivated a small 
area around each corn hill. In the Old World it 
was the custom to scatter the wheat berry, 
barley and rye on the fields and let the grain 
fight it out with the weeds. The Indian cultiva- 
tion was done with crude tools 

Seeing the advantages to be gained by this 
method the earliest New England colonists im- 
ported work animals from the home country and 
put them to the job of plowing and tillage. Ap 
parently the results were satisfactory because 
crops of wheat and corn increased abundantly 


GRAIN SUPPLY REQUIRES 
MILLS 


&g With the increase in grain sup- 


plies it was necessary to found 
grist mills. These were prob- 
ably post-mills powered by 
the wind, a type easier to 
build than the watermill. The 
latter soon took over, however, 
as the terrain of the Eastern 
United States is especially 
suitable. 
We should remember that commercial milling 
appeared early in colonial life because grain 
must always be ground to make a suitable prod- 
uct for human consumption. The whole wheat- 
berry is no fare for human beings. 


GRIST MILLS—THE COMMUNITY CENTER 


The mill soon became a community hub. Local 
farmers within a day’s traveling time brought 
their grain to the mill for grinding and took the 
resulting meal for use at home. They paid the 
miller a toll, or share of the meal. Because of the 


CHAPTER IX. \illing in the 


Early American Colonies 


traffic at the mill it soon became 

a meeting place for the ex 

change of ideas and gossip. 

Wheat became a most impor 

tant crop in New York, Penn 

sylvania, Maryland and on into 

the Middle West. New York 

City, Philadelphia. Baltimore, 

Richmond and Wilmington be 

came major milling centers 

Milling and traffic in grain played important 
parts in the phenomenal growth of New York 
and Philadelphia, as we shall see in our next 
chapter. 


HOW WHITE FLOUR AND BREAD 
ARE MADE BETTER 

Giant strides have been made in U. S. milling 
during the past 250 years. Today we have fine 
white flour and bread of a quality beyond the 
dreams of colonial millers and bakers. 
During the past 50 years or so many basic dis- 
coveries have been made about the elements 
composing our foods 
These two facts are related in this way. In the 
examination of food factors it was found that 
essential vitamin and mineral losses unavoid 
ably occur in the production of the white flour so 
much in demand by today’s consumers. When 
this became known millers of family white flour 
and bakers of white bread acted in the public 
interest. They enriched their good products with 
the vitamins thiamine, riboflavin, niacin and the 
mineral, iron to restore the inescapable losses 
of these vital factors. By thus making their good 
foods better they contributed to better health for 
all Americans 
This is one of a series of articles which is being pub- 
lished in professional nutrition and dietetic journals, 
and which will be widely distributed for educational 
purposes. Reprints of this and all previous chapters 
are available without charge. Write to the Vitamin 
Division, Hoffmann-La Roche Inc., Nutley 10, New 
Jersey. In Canada: Hoffmann-La Roche Ltd., 286 St. 
Paul Street, West; Montreal, Quebec. 
The next chapter titled: ““When New York and 
Philadelphia Were Milling Capitals” will be 
published soon. 
*This is the title of a definitive history of milling by 
John Storck and Walter Dorwin Teague, published by 
the University of Minnesota Press at Minneapolis and 
copyrighted by the University of Minnesota. It is used 
with permission as a source of material for this series 
of advertisements. 


Enriched with vitamins and iron for better nutrition 
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THE RESEARCH MODEL 
Amylograph—V iscograph 


is now available 
in either of 
TWO 
sensitivities 


1. THE STANDARD 
SENSITIVITY — iden- 
tical with the sensi- 
tivity of the standard 
model Amylograph — 
Viscograph. 


2, THE DOUBLED 
SENSITIVITY — with 
twice the sensitivity of 
that of the standard 
model Amylograph — 
Viscograph. 


ONLY the Amylograph—Viscograph manufactured by us, in the 

U.S.A., has this particular feature of the doubled sensi- 
tivity. 
Both research models come equipped with a zero point 
suppression feature which makes possible the testing of 
much heavier viscosities at the same high sensitivity of 
measurement, by the simple expedient of using weights 
to suppress the zero point in order to counteract the 
heavier viscosity. 

The research models are priced only slightly higher than the 

standard Amylograph—Viscograph. They are available on ad- 

vantageous trial-rental terms. 


BRABENDER CORPORATION 


Rochelle Park, N. J. 
Established 1938 


: 


you can count on 


Uniformity of bakery products is vital to repeat bakery 
sales. That’s why you should always use National’s 
yeast products. They’re tops in Uniformity. 


NATIONAL YEAST CORPORATION 
FRANK J. HALE, President 


Executive Offices: Eastern Division Office: Western Division Office: 
Chonin Building 45-54 37th Street Pure Oil Building 
122 Eost 42nd Street long Island City 35 E. Wacker Drive 

New York, N. Y. New York Chicago, Mil. 


*Plants: Belleville, N. J. « Crystal Loke, Ill. 


You can order oll these essential bakery products 


National Bakers Compressed Yeast National Bakers Malt Syrup National 7-in-] 


National Active Dry Yeast 
National Baking Powder 
National Baking Cream 
National Bakers Margarine 


National Bakers Dry Malt Armour Cloverbloom Frozen Whole Eggs 
National Enrichment Tablets Armour Cloverbloom Frozen Egg Whites 
National Yeast Food Armour Cloverbloom Armtex 

National Puff Paste Armour Cloverbloom Sugared Yolks 
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what's her VERDICT: 


Blue Ribbons or 


Every day thousands of housewives and their families sit 
in judgment on your product. Their verdict . . . blue ribbon 
or brickbats—is reflected in your sales charts. 
Each housewife buys your self-rising flour or corn meal 
because in the proving grounds of her own kitchen, 
she’s learned to depend on your product. Years of 


success have demonstrated its reliability. 
Tamper with your successful formula and she’s quickly 


aware of it. She’ll notice even the most subtle changes. 
When this happens her loyalty wavers. 
There is one sure way of keeping her good will and continuing loyality. 
Buy the ingredients you know are best... like Victor’s dependable V-90. 
For 17 years virtually all the self-rising flour and self-rising 


corn meal made in America has been leavened with V-90. 
It is a proved, successful, reliable leavening agent. 


Don’t risk the reputation of your product. Specify V-90 and be sure. 


THE ORIGINAL PHOSPHATE WITH A RAINCOAT" 


*Coated Anhydrous Monocalcium Phosphate 


VICTOR CHEMICAL WORKS 


CHICAGO 6, 


ILLINOIS 


155 N. WACKER DRIVE 


i 
a 
* 
rickbats! 
a 
bs 
<= 
3 
— 
} 


The New Pneumatic Model MLU 202 


BUHLER 


AUTOMATIC LABORATORY MILL 


Offers You 
These Advantages 


—It grinds small samples, or large lab- 
oratory runs; 


—It produces flour with exactly the 
same baking quality as the flour 
from a commercial mill; 


—dt gives results that can be duplicat- 
ed whenever desired; 


—It grinds wheat quickly and auto- 
matically; empties completely; 


—It is simple to operate and easy to 


Front side of the MLU 202 Buhler Auto- attend; 

matic Laboratory Mill; equipped with pneu- 

matic product conveying which eliminates Wi 
material collecting in the ducts and result- It a special milling as cae 
ont infestation. ence from the operator. 


The MLU 202 Laboratory Mill was designed primarily to produce flour from any 
specific sample of wheat so that advance information may be obtained as to 
what can be expected in yield, ash content, color and baking qualities of the 
sampled wheat, without running it through a commercial unit. The Buhler MLU 
202 has the same advantages as a pneumatic mill in comparison with an ele- 


ar BUHLER BROTHERS, INC. v.s.a. 


434 SYNDICATE BLDG. 
MINNEAPOLIS 2, MINNESOTA 


BUHLER BROTHERS (Canada) LTD. 


24 KING ST. WEST 
TORONTO 1, ONTARIO 


SPROUT, WALDRON & C0O., INC. 


Buhler Brothers Division 


61 LOGAN ST., MUNCY, PENNSYLVANIA 
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LECTRIC 
HEATER 


© Seven Step Control 

@ Low Cost 

@ Stainless Steel Construction 
© Localized Heating 


@ Up to 750 Watt Output 


$-40540 HEATER—Electric, Seven three toggle switches located on the 
Step, Stainless Steel, 750 Watt, control panel. A panel plate clearly 


Sargent. An economical well con- indicates which toggle switch must be 
structed heater for laboratory use in thrown to obtain the desired wattage. 
distillations, evaporations, digestions The entire heating unit is contained 
and extractions; applicable for use in a refractory plate isolated from 
in many standard A.S.T.M. methods the outer frame insuring that the 
such as D-86 and in the official stainless steel case is cool at all times. 
Kjeldahl method of the A.O.A.C. Removable upper refractory is re- 

The heater is equipped with three versible. One side molded to accom- 


Chromel-A heating elements of 150, modate 500 ml and 800 ml Kjeldahl 
250 and 350 watts, spirally positioned flasks and 4 in. concentric metal rings. 


in increasing order of size from center The other side beveled to accommo- 
of lower element refractory, assuring date large, round-bottom flasks. 
uniform heating at all ranges. Complete with S-40546 lower re- 
The selective or combined use of fractory, S-40547 upper refractory, 
these heating elements provide seven one pair of dovetail clamp sockets, 


operating ranges, namely, 150, 250, one S-40745 dovetail clamp and cord 
350, 400, 500, 600 and 750 watts. The and plug for attachment to standard 
heating elements are energized by outlets. For operation from 115 volt, 


SARGENT A.C. or D.C. circuits........ $23.00 


SCIENTIFIC LABORATORY INSTRUMENTS © APPARATUS © SUPPLIES @ CHEMICALS 


E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS 
(AICI MLAAGE MICHIGAN DIVISION, 8560 WEST CHICAGO AVENUE, DETROIT 4, MICHIGAN 
SOUTHWESTERN DIVISION, 5915 PEELER STREET, DALLAS 19, TEXAS 


SOUTHEASTERN DIVISION, 3125 SEVENTH AVE., N., BIRMINGHAM 4, ALA. 
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Be Ready for the 
The 


Brabender 
Rapid Test Mill f 


Feed Adjustment 


Upper Grinding Unit 
Break) Conical 
Composition Stone 
Burrs 


Rate of Feed 


Check 
ij 


Break Sifter 


Break Sampler 


Stone Adjustment 


Lower Grinding 
Unit (Middlings 


Drive: HP 
Motor, 110 V 
Single Phase 


(ar Middlings Sifter 


Shorts, Bran 
Flour 


opposite-side 


r aben der Ask for Booklet “What a 
Test Mill Should Be Able To Do” 
and for new catalogue. 
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NEW CROP 


STAINLESS STEEL MIXERS 


no longer a calibration problem! 


Heavy bronze 
frame with high 
thermal conduc- 
tivity. 


Thermostat - circulated 
water is brought into 


Stainless steel sheet, only 0.3 mm. thick. The close contact with the 
dough, being separated 
lower thermal conductivity of the stainless steel from it by only 0.3 mm. 


is compensated for by the extreme thinness of wall. 


the sheet. 


After five years of research we have succeeded in 
producing a stainless steel mixer capable of close 
and lasting calibration. Write for the full story. 


Cc. W. BRABENDER 
INSTRUMENTS, Inc. 


SOUTH HACKENSACK, NEW JERSEY 


Exclusively franchised Sales and Service 
Agents for the Milling Industry. 


MIAG NORTHAMERICA, Inc. 


Telephone: FEderal 9-5713 
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Modern “Kjeldahl” Apparatus 


can mean a lot to your Laboratory. 


Perhaps this year is the time to figure on new apparatus 
for protein determinations. Do you need more capacity? 
Do you need the new features which save time and 


money — not to mention the chemist’s temper. 


If so, come to “The Kjeldahl People” where Kjeldahl 
manufacture has been a specialty for almost 25 years. 
Deliveries are still relatively prompt and perhaps we 
can suggest just the solution for your problem. 


Write for Kjeldahl Brochure — today 


LABORATORY CONSTRUCTION COMPANY 
1113-1115 Holmes Street, Kansas City, Missouri, U.S.A. 
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COMPARATIVE STUDY OF THE IMPROVING ACTION OF 
BROMATE AND IODATE BY BAKING DATA, RHEOLOGICAL 
MEASUREMENTS, AND CHEMICAL ANALYSES' 


C. J. Dempster, D. K. CUNNINGHAM, M. H. Fisuer, 1. Htynka, 
AND J. A. ANDERSON 


ABSTRACT 


The effect of the addition of potassium bromate and potassium iodate 
to dough from four widely different flours has been compared by the baking 
test, by structural relaxation experiments with the extensograph, and by 
chemical determinations of the disappearance of these improvers from 
dough. 

Optimum loaf properties produced by the use of iodate occurred at 
lower equivalent concentrations than did these optima when bromate was 
the improver used. In addition, the magnitude of the improvement pro- 
duced by iodate was less than that produced by bromate. While the reaction 
of bromate in dough is quite slow, the reaction of iodate is extremely rapid. 
Relaxation constants for iodate-treated doughs were larger than those for 
the corresponding control doughs, but both decreased at similar rates with 
increasing time. Relaxation constants for bromated doughs for all but one 
flour decreased with time at first but more slowly than those for controls. 
This was followed by an increase in the relaxation constant. Chemical 
analyses showed that, within the shortest time that a determination could 
be made, unleavened doughs consumed amounts of iodate greatly in excess 
of the optimum concentrations indicated by the baking tests. By contrast, 
the concentration of bromate in unleavened doughs decreased linearly with 
time at a rate dependent upon flour grade, although small amounts of bro- 
mate were rapidly consumed by two of the flours. 

Results of this study suggest that the improving effect of various reagents 
may not arise from a single specific chemical reaction. Rather each improver 
may cause a different reaction, each of which produces changes in the 
rheological behavior of dough. Improvement in loaf properties results from 
the attainment of a particular, but not necessarily specific, combination of 
dough properties produced at a particular time in the time scale of the 
baking process by combinations of various reactions. 


A promising line of attack in studying the chemistry of flour dough 
in recent years has been the application of rheological techniques to 
the study of changes in dough behavior produced by the addition of 
improving reagents. These studies have provided detailed quantitative 
January 11, 1956. Paper No. 154 of the Grain Research Laboratory. Board of 


Grain Commissioners for Canada, Winnipeg, Manitoba, and No. 334 of the Associate Committee on Grain 
Research (Canada). 
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descriptions of the behavior of doughs treated with improvers. A gen- 
eral postulate of a three-dimensional cross-linked or network structure 
for dough in which improvers act as cross-linking agents has been pro- 
posed to account for this rheological behavior. 

Any adequate hypothesis of dough structure and improver reaction 
must account not only for the rheological behavior of dough but also 
for its baking behavior and for such changes as can be detected in it by 
chemical analysis. Accordingly, baking, rheological, and chemical tests 
have now been used in a comparative study of the effects of two im- 
provers widely used in commercial baking, namely, potassium bromate 
and potassium iodate. 

A number of investigators have reported on differences between the 
effects of bromate and of iodate. Sullivan, Howe, Schmalz, and Astle- 
lord (14) noted that iodate shows its effect more quickly than bromate 
and that the iodate effect is evident in dough taken from the mixer. 
Jorgensen (9), Sullivan et al. (14), and Holme and Spencer (8) pre- 
sented data to show that improvers in general did not produce equiva- 
lent quantitative response in the baking test, and that less iodate than 
bromate was required to produce the same effect. Rheological experi- 
ments on the effect of bromate came with the development of the Bra- 
bender Extensograph (11, 12). The effect of iodate on extensograms 
was noted by Merritt and Bailey (10) and by Smith and Andrews (13). 
In the present study the technique of structural relaxation developed 
in this laboratory (2,5) has been used to make a quantitative rheo- 
logical comparison of the effect of bromate and iodate in dough. 

The plan of investigation may be outlined as follows. Four widely 
different flours were subjected to the baking test to determine their 
response to the addition of increments of potassium bromate or po- 
tassium iodate. The particular concentration of bromate or iodate 
which produced optimum loaf properties for each flour was noted. 
Subsequently, the structural relaxation behavior of unleavened dough 
made trom each of the four flours was examined. On the one hand, the 
doughs were untreated; on the other hand, the doughs were mixed to 
contain the optimum concentrations of either bromate or iodate. The 
third aspect of this investigation was a chemical determination of the 
disappearance of bromate or iodate from dough from each flour to 
which the optimum level of improver had been added initially. 

This investigation lends itself to presentation in three separate 
sections, one for each phase of the study. Each section describes meth- 
ods used and the results obtained, and includes a brief discussion. A 
final section is a general discussion of the entire investigation. 
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Materials 


Flour, Four different grades of flour were employed in this study: 
a first patent from a mill mix of 13.6% protein; a flour from which 
the high-grade middlings and the clears have been removed, designated 
in this paper as intermediate; a clear; and a first germ flour from a mill 
mix of 12.6°% protein. These flours were taken from appropriate 
streams in a commercial mill and had received no bleaching or im- 
prover treatment. Other particulars are listed in Table I. 


PABLE I 


SPECIFICATIONS OF Four Fiours Usep in Stupy 


Froun Stream Protein CONTENT Asn CONTENT Assonrrion 
% % 
First patent 124 0.40 62.1 
Intermediate 13.0 0.56 61.7 
Clear 15.2 0.92 62.9 
First germ 12.7 0.96 58.1 


I. Baking Experiments: Methods 


The four flours were baked with increments of potassium bromate 
or potassium iodate to determine the response of these flours to im- 
prover addition. The basic A.A.C.C, malt-phosphate baking test was 
employed. However, it was desired that all four flours exhibit a posi- 
tive response to the addition of both bromate and iodate. For this 
reason a yeast concentration of 2° was employed throughout the 
baking tests. 

The response to bromate addition was determined for each flour 
in experiments where potassium bromate was added to dough in in- 
crements of 10 p.p.m. within the range 0 to 50 p.p.m. (flour basis). In 
parallel experiments, the response to iodate addition was determined 
by increasing its concentration in increments of 3 p.p.m. The range 
of concentrations used was 0 to 21 p.p.m. for both the patent and 
intermediate flours, 0 to 30 p.p.m. for the germ flour, and 0 to 36 
p.p-m. for the clear flour. 


Baking Experiments: Results and Discussion 


The effect of increasing the concentration of bromate or iodate on 
the loaf properties of the bread made from each of the four grades of 
flour is summarized in Fig. 1, where loaf volume is plotted against the 
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concentration of the added improver. To facilitate a comparison of the 
etlects of the two improvers, the improver concentration is expressed 
in terms of micro-equivalents (molecular weight/6 per g. rathen 
than on the usual parts-per-million basis. 


800 
600 
INTERMEDIATE 
7 400 i i i 
> 
800 
< 
g 
600 
{ CLEAR 
400 
10 15 10 
IMPROVER CONCENTRATION, micro-equivolents /g flour 
Fig. 1. Loaf volume response of four flours to increments of potassium bromate and potassium iodate 


Figure | shows that each of the four flours, when baked with 2°; 
yeast, showed an improvement in loaf volume for additions of either 
bromate or iodate. This initial improvement was followed by a rather 
marked decline in loaf volume. However, the response of a given flour 
to the addition of bromate was quite different from its response to 
iodate in agreement with previous observations (8,9). In general, po- 
tassium bromate appeared to produce a more marked improvement 
than did potassium iodate, but once the maximum had been attained 
iodate produced the more rapid deterioration in loaf properties. ‘The 
arrows in Fig. | indicate the occurrence of optimum loaf properties as 
estimated by the baker on the basis of loaf volume and age character- 
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istics Of the crust; these maxima were not produced by the addition 
of equivalent concentrations of bromate and iodate.*? Optimum loal 
volume for doughs containing potassium iodate occurred at a lower 
concentration than did the optimum for doughs containing bromate. 


Figure | also shows that the improvement produced by either bro- 
mate or iodate varied considerably from flour to flour. Improvement 
was greatest for the clear flour, followed in order of decreasing re- 
sponse by the intermediate, germ, and patent flours. It will be noted 
that this placing corresponds to the decreasing protein contents of the 
flours. 


Il. Structural Relaxation Experiments: Methods 


An experimental technique for using the Brabender Extensograph 
to determine the structural relaxation behavior of unleavened doughs 
has been described previously (2,3) and may be summarized briefly 
as follows. Doughs were mixed in a G.R.L. mixer (6) operating at a 
speed of 36 r.p.m. at the drive plate of the mixer. Doughs were mixed 


in an atmosphere of nitrogen and contained 1° salt (flour basis). 


Potassium bromate or potassium iodate in solution was added as re- 
quired to produce concentrations in the dough from each flour equal 
to that found in the baking experiments to be the optimum improve 
dosage. Some additional experiments were carried out with potassium 
bromate at levels of 15 and 30 p.p.m. 

Alter mixing, doughs were allowed reaction times of 5 minutes, 
1, 2, 3, and 4 hours. At the end of a desired reaction time, six test 
pieces were shaped on the extensograph, clamped in dough holders, 
and allowed different rest periods belore being stretched. From a series 
of such extensograms the load at a constant sample deformation, cor- 
responding to a kymograph extension of 7.cm. (corrected), was read 
and plotted against rest period to give the structural relaxation curve. 

Each structural relaxation curve obtained in this study was analyzed 
in the manner previously described (4) to obtain the two constants char- 
acteristic of the relaxation curve. Regression coefhicients were calcu- 
lated for plots of the product of load xX rest period vs. rest period. The 
intercept of such a plot gives the relaxation constant C, while the slope 
of the plot gives the asymptotic load Ly. The changes which take place 
in the physical properties of dough with reaction time can then be 


* For the convenience of the reader, the optimum concentrations for each flour, expressed in p.p.m. 
(flour basis), are as follows: patent flour, 10 p.p.m. bromate, 3 p.p.m. iodate; intermediate flour, 15 
p.p.m. bromate, 9 p.p.m. iodate; clear flour, 25 p.p.m. bromate, 24 p.p.m. iodate; germ flour, 15 p.p.m. 
bromate, 15 p.p.m. iedate. A concentration of 10 p.p.m. potassium bromate is equivalent to 0.36 micro- 
equivalents per g. of flour; a concentration of 3 p.p.m. potassium iodate is equivalent to 0.084 micro- 
equivalents per g. of flour. 


| 


226 BROMATE-IODATE IMPROVING ACTION Vol 


characterized by plotting either the relaxation constant C or the 
asymptotic load Ly vs. reaction time. 


Structural Relaxation Experiments: Results and Discussion 


Figure 2 presents some of the structural relaxation data obtained 
in this study, and illustrates the relaxation curves obtained after reac- 
tion times of 5 minutes, 2 and 4 hours for untreated control doughs 
and for doughs containing the optimum level of potassium iodate ot 
potassium bromate, for two of the four flours. These results show that 
there is a marked difference between the effects of these two improvers. 


10 1 | INTERMEDIATE FLOUR 


5 min. 2hr 


SppmKiOg 


CONTROL 


} CLEAR FLOUR \ 
5min 2hr 


24 ppm KIO3 


LOAD, g, AT 7cm EXTENSION (x10"2) 


25ppm KBRO3 


CONTROL 


2k 
i * i * 
60 120 60 120 
REST PERIOD, min 
Fig. 2. Structural relaxation curves for control (O), optimally bromated ( BD). and optimally iodated 
doughs (4) for reaction times of 5 minutes, 2, and 4 hours: top, intermediate flour; bottom, clear flour. 


Figure 2 shows, as has been noted from qualitative observations by 
Sullivan and co-workers (14), that the reaction of iodate in dough is 
rapid. Addition of iodate to dough produces a considerable change in 
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the relaxation curve lor a reaction time of 5 minutes (left-hand graphs). 
Relaxation is somewhat slower in the iodate-treated dough than in the 
control, In addition, the curves for iodated doughs stabilize at higher 
load values than the corresponding controls. By comparison, there is 
very little difference between the 5-minute curves for bromated and 
control doughs. 

With increasing reaction time (center and right-hand graphs), re- 
laxation in untreated control doughs becomes more rapid and the 
relaxation curves fall progressively lower on the load axis. A similar 
trend is observed with increasing reaction time for the curves for 
iodate-treated dough. Thus the effect of iodate appears to be immedi- 
ate, and there is no appreciable time-dependent response in dough; 
such further changes as occur in iodated doughs are similar to those 
occurring in untreated control doughs. 

Unlike iodate, bromate in these concentrations does not have an 
appreciable immediate effect in dough; the reaction of bromate is 
time-dependent. Although the relaxation curves for bromate-treated 
and control doughs are very little different for a reaction time of 5 
minutes, marked differences do gradually develop with increasing 
reaction time. 

The effect of bromate on the clear flour (bottom row, Fig. 2) is simi- 
lar to results previously published (2), and can therefore be dismissed 
briefly. With increasing reaction time, relaxation becomes progressive- 
ly slower and at the same time the relaxation curve gradually rises on 
the load axis. 

A somewhat different effect is observed for the intermediate flour 
(top row), presumably because the bromate concentration, at 15 p-p-m., 
is somewhat lower than that used in previous studies. In a_re- 
action time of 2 hours, the relaxation curve for control doughs is 
displaced downwards, as is the curve for the bromated doughs, though 
to a much lesser extent. Thus there is a greater separation between the 
relaxation curves for the control and bromated doughs alter a 2-hour 
reaction than there was alter only a 5-minute reaction, Alter a reaction 
time of 4 hours, the curve for control doughs has been displaced still 
further downwards, whereas the curve tor bromated doughs has moved 
in the opposite direction and is now definitely higher than the 2-hour 
curve and fractionally higher than the 5-minute curve. Thus the 
changes in the properties of bromated dough from intermediate flour 
scem to be affected by two opposing reactions: the bromate reaction, 
which tends to decrease the relaxation rate and at the same time raise 
the relaxation curve; and a reaction, which also occurs in control 
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dough, that tends to increase the relaxation rate and gradually lower 
the relaxation curve. 

A more generalized description than the above qualitative discus- 
sion of structural relaxation in dough can be obtained by mathemati- 
cal analysis of data (4). It is assumed that the relaxation curve can be 
closely approximated by the equation of an equilateral hyperbola re- 
ferred to its asymptotes as axes. Two constants then serve to character- 
ize the relaxation curve, the relaxation constant C which is a measure 
ol the relative rate of structural relaxation in the dough, and the 
asymptotic load Ly which is the value the relaxation curve approaches 
at infinite rest period. The relaxation constant C seems to be a some- 
what more sensitive indicator of the changes in dough properties pro- 
duced by improvers and is therefore chosen for further examination. 

Figure 3 is a plot of the relaxation constant, C, against reaction 
time, for control doughs and for doughs containing the optimum con- 
centrations of bromate and iodate; separate graphs are shown for each 
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Fig. 3. Effect of reaction time on relaxation constants for control (C), optimally bromated (B), and 
optimally iodated doughs (I) from four flours. 
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flour. The relaxation constants for control doughs decrease as the re- 
action time is increased, i.e. relaxation becomes more rapid in agree- 
ment with previous observations (4). However, in the present study a 
rather much more marked drop in the relaxation constant is observed 
within the first hour of reaction time; subsequently, an almost linear 
decrease takes place in agreement with earlier results. 

The changes in the relaxation constants of iodate-treated doughs 
with increasing reaction time reflect the rapid reaction of iodate in 
dough. Except in patent flour, iodate produces a marked increase in 
the relaxation constants for a reaction time of 5 minutes. The magni- 
tude of these initial changes depends partly upon the iodate concen- 
tration and partly upon the grade of flour. With increasing reaction 
time, the curves for iodated doughs fall in a similar manner to those 
for control doughs. 

‘The addition of bromate to dough produces changes in the relaxa- 
tion constants that differ widely from those produced by iodate and 
which emphasize again the time-dependence of the bromate reaction. 
Bromate produces very little change in the relaxation constants for a 
reaction time of 5 minutes. However, gradual changes in the relaxa- 
tion constant take place with increasing reaction time. At first, for 
patent, intermediate, and germ flours (containing the lower concen- 
trations of bromate, 10 and 15 p.p.m.), the relaxation constant de- 
creases appreciably but at a rate different from that for the controls. 
The rate constant passes through a minimum and then increases ap- 
parently linearly with time. For the clear flour, treated with the high- 
est bromate level (25 p.p.m.), an increase in the relaxation constant 
across the whole range of reaction times was observed, similar to that 
found in previous studies (4) when the concentration of bromate was 
of this same order. 

Figure 3 also emphasizes differences in the rheological behavior of 
dough made from different grades of flour. The decrease in the relaxa- 
tion constant for control doughs during I-hour reaction varies con- 
siderably with the flour grade, being least for the clear, considerably 
larger for the intermediate, and somewhat larger still for the patent 
and germ flour doughs. The slope of the linear portion of these curves 
for the control doughs is in a similar manner dependent upon flour 
grade. 

As would be expected, the response of the different flours to im- 
prover treatment also varies. For example, the change in the 5-minute 
relaxation constant produced by 9 p.p.m. of potassium iodate in the 
intermediate flour dough was considerably larger than that produced 
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by 15 p.p.m. potassium iodate in germ flour dough. Again, for the same 
two flours, intermediate and germ, the responses to 15 p.p.m. potas- 
sium bromate were quite different, the increase over the linear portion 
of the curve being considerably higher for the intermediate flour. 
However, it is dificult to make comparisons between flours since the 
absorption varies from flour to flour, and it has been found in this 
laboratory that the relaxation behavior also changes considerably with 
changes in absorption. 

The foregoing discussion related to “optimum” levels of improv- 
ers. Some additional studies were made at other levels of improvers, 
and these provide data for plotting the rate of the bromate reaction 
in unleavened dough against the bromate concentration (Fig. 4). For 
this purpose, the slopes of the linear portions of the curves in Fig. 3 
(for control and bromated doughs), which are measures of the rate 
of change of physical dough properties, are taken as the rates of the 
bromate reaction. In addition to the data derived trom Fig. 3 for the 
control and optimally bromated doughs, data are also included tor a 
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level of 30 p.p.m. tor all four flours and for 15 p.p.m. for the patent 
and clear flours. 

The curves in Fig. 4 show that the rate of the bromate reaction in 
unleazvened dough is a linear function of the bromate concentration 
within the range from 0 to 30 p.p.m. The dependence of the rate upon 
concentration varies with flour grade. It is greatest for the patent 
flour, followed in decreasing order by the intermediate, clear, and 
germ flours. 

The present investigation suggests that a number of different re- 
actions may well control the rheological properties of doughs. It was 
suggested earlier (2) that the changes in properties of untreated control 
doughs result from degradation of the dough structure. This now ap- 
pears to involve at least two processes: the first results in the initial 
marked drop in the relaxation constant during the first hour (Fig. 3); 
the second results in the subsequent slow and almost linear decrease. 
Moreover, it appears that the changes in dough properties caused by 
bromate may be independent of the degradation process; bromate 
does not appear to prevent degradative rupture of the polymer net- 
work but to offset it by producing cross-linking at other points. All 
processes appear to take place simultaneously, the ultimate properties 
of the dough being controlled by the relative rates of the various re- 


actions. 


III. Chemical Analyses: Methods 


Lhe disappearance of potassium bromate and potassium iodate in 
unleavened doughs was studied by a modification® of the Cunningham 
and Anderson method for the determination of bromate in flour (1). 
Doughs, identical with those used in the rheological experiments, were 
mixed for 2.5 minutes in the G.R.L. mixer and placed in closed con- 
tainers in a cabinet maintained at 30°C. Subsamples of 40 g. of dough 
were scaled from each parent at the end of certain desired reaction 
times. The reaction times employed were identical with those used in 
the rheological studies, i.e., 5 minutes, 1, 2, 3, and 4 hours. 

Each subsample of dough was dispersed in 181.5 ml. of water by 
mixing for 3 minutes at high speed in the Waring Blendor (Model 
No. PB5). The blender was then turned to low speed and 25 ml. zinc 
sulfate solution (155.1 g. per liter) and 25 ml. sodium hydroxide solu- 
tion (26.0 g. per liter) were added in succession to clarify the dispersion. 


Three drops of N octyl alcohol were added to break the foam. The mix- 


ture was then centrifuged at a relative centrifugal force of 1500 x G for 
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10 minutes. Bromate or iodate was determined in the extract by add- 
ing, to a 20 ml. aliquot, 5 ml. of 0.001N sodium thiosulfate solution, 5 
ml. of 10°, sulfuric acid, and 3 ml. of 30°, potassium iodide solu- 
tion. Excess thiosulfate was back-titrated with 0.001 N_ potassium 
iodate. The end point was determined amperometrically (1). 


Chemical Analyses: Results and Discussion 

Preliminary experiments (See footnote 3) on the application of the 
Cunningham and Anderson method for potassium bromate to the de- 
termination of potassium iodate in flour and dough indicated marked 
differences in the reaction of these two improvers. It had been ade- 
quately demonstrated in previous studies that the reaction of bromate 
in dough was quite slow (7). The results of the present study show 
that the reaction of iodate, on the other hand, is very rapid. 

Small amounts of iodate added to flour dough react immediately; 
no iodate can be recovered from the dough even when the determina- 
tion is made immediately after the dough is taken from the mixer. 
When increments of iodate are added to dough, there is found to be 
a certain concentration above which iodate can be recovered from the 
dough when the determination is made immediately after mixing. 
This particular concentration, called the “iodate saturation value,” is 
characteristic of the flour. For the four grades of flour used in this 
study, the iodate saturation values are recorded below. 


Flour lodate Saturation Value 
equiv/g flour 
First patent 0.92 
Intermediate 1.24 
Clear 1.63 
First germ 1.64 


When excess iodate is added to dough, an amount equal to the 
saturation value is consumed or reacted very rapidly, but the remain- 
der can be recovered. However, if a reaction time be allowed, there is 
a further progressive loss of iodate in the dough. This further reaction 
of iodate takes place at a readily measurable rate which appears to 
vary with the flour grade; the lower the grade of flour, the more 
rapid the rate of disappearance. This finding led to a more extensive 
investigation which will be reported in a later paper. 

In contrast to the rapid reaction of iodate in dough, bromate at all 
levels of addition disappears very slowly from dough. The disappear- 
ance of potassium bromate in unleavened doughs prepared from each 
of the four grades of flour was followed by determining the amount 
of improver remaining after various reaction times in doughs which 
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were initially mixed to contain the optimum concentration indicated 
by the baking test. These results are recorded in the left-hand graph ot 
Fig. 5 where the residual bromate, in micro-equivalents per g. flour, 
is plotted against reaction time, The values plotted for 0 time repre- 
sent the amounts originally added to the doughs at the time of mix- 
ing. 


BROMATE RECOVERY, p equiv /g flour 


REACTION TIME, hr 


Fig. 5. Effect of reaction time on recovery of bromate from unleavened doughs for four flours: left, 
initial concentration equal to optimum: right, uniform initial concentration of (15 p.p.m.). 


Figure 5 (left) shows that the concentration of bromate in un- 
leavened dough decreases at a unilorm rate over a major portion of 
reaction time investigated. There is, however, a slight deviation from 
linearity for short reaction times for the clear flour, as well as a sug- 
gestion of a similar deviation for the patent and germ flours. These 
curves show that there is an appreciable difference in the rate of disap- 
pearance of the optimum bromate level from the doughs of the four 
flours. 

These differences between flours are shown more clearly by the 
data in the right-hand graph of Fig. 5, for which all doughs were 
mixed to contain 15 p.p.m. of bromate. Here again there is evidence 
for a rapid but slight disappearance of bromate, for both the patent 
and clear flours, at the beginning of the reaction period. The initial 
phase of the bromate reaction in the patent flour is magnified some- 
what in Fig. 5 (right) over that shown in Fig. 5 (left) by the use of a 
higher bromate concentration, For a constant initial level of added 
improver, bromate disappears most rapidly from the germ flour. 


ate 
= 6 
e 
C1) 
ON 
© 
° 
2 3 2 4 | 
ae 
|! 
4 


234 BROMATE-IODATE IMPROVING ACTION Vol. 33 


Bromate loss in intermediate and clear flour doughs occurred at a 
rate about 50°, of that for the germ flour doughs, whereas in patent 
flour dough the rate was about 25°, of this maximum. 


Concurrent studies in this laboratory (footnote 3), which will be 
published separately, have shown that the rate of disappearance ol 
potassium bromate in leavened dough may differ from that in un- 


leavened dough. 


General Discussion 

Each of the foregoing sections of this paper has described the 
effects of the reactions of bromate and iodate in dough as observed 
by a particular method of measurement. Each of these criteria ol 
measurement provides information at a different level of abstraction 
about the reaction of these improvers. The chemical analyses pro- 
vide the most specific information of all three methods, but this in- 
formation is restricted to the improver; no information about the 
dough or flour constituents which are also involved in the improver 
reaction is available from the analytical results. At the other extreme, 
the baking test is the least specific of the methods of measurement, 
since the baked loaf represents a summation of all the complex bio- 


logical, physical, and chemical interactions that have taken place dur- 


ing the making of the bread. The study of the rheological behavior 
of dough provides information intermediate between these extremes. 
The relaxation curves reflect the over-all changes taking place in un- 
leavened dough as a result of the reaction of added improvers as well 
as of the reaction of certain constituents of the flour itself. It may be 
argued that the results of the rheological study are limited in’ scope 
in the sense that the reactions of the two improvers were followed in 
unleavened rather than leavened dough. Nevertheless, this study does 
yield some data about the reactions of bromate and iodate in dough 
which must be accounted for by any hypothesis of improver reaction. 

Each of the individual methods of measurement used in this study 
has indicated rather marked differences between the effects in dough 
of potassium bromate and potassium iodate. Equivalent concentra- 
tions of these improvers did not produce equal ettects in the baked 
bread. Optimum loaf properties produced by iodate occurred at 
lower equivalent concentrations than did the optima for bromate. 
Furthermore, the magnitude of improvement was considerably less for 
iodate than for bromate for two of the four flours used. Both rheo- 
logical and chemical measurements indicated a marked difference in 
the rates of reaction of these improvers in dough. lodate reacts very 
rapidly, bromate quite slowly. 
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It is of interest to compare some of the results of the three indi- 
vidual criteria of measurement in an attempt to determine if any ap- 
parent relations exist between the various manilestations of improve 
reaction. An attempt has been made to make the desired comparisons 
graphically (Fig. 6), presenting, first, some of the relations pointed up 
by the baking tests, then some of the interrelations between the various 
methods of measurement. 

It is emphasized, however, that this part of the investigation must 
be considered only as a preliminary study. Definite conclusions on the 
basis of the comparisons to be made are probably unjustified. Rather, 
the results may be considered to indicate certain areas worthy of more 
detailed study. 

Figure 6, A, is a plot of loaf volume vs. protein content of the flour 
lor untreated doughs and for doughs containing the optimum concen- 
trations of bromate and iodate. For each separate condition, loat 
volume tends to change regularly with protein content, though the 
points for germ flour are out of place. The curves indicate that the 
optimum response of flour to bromate may be quite different from 
the response to iodate. The negative slope for the curve for control 
doughs is probably accounted for by the fact that decreasing flow 
grade was accompanied by an increase in protein content. Again, in 
Fig. 6, B, which is a plot of the optimum loaf volume against the 
optimum improver dosage, the results for the germ flour do not con- 
form to the trends indicated by the other three flours. With the ex- 
ception of the germ flour, optimum loaf volume is roughly a linear 
function of improver dosage. The marked difference between the 
effects of bromate and iodate is again indicated. 

In the remaining graphs of Fig. 6, certain of the rheological or 
analytical manifestations of improver action are compared with the 
baking results in an attempt to determine which factors are likely to 
be most significant in determining baking behavior. Figure 6, C, is a 
plot of the relaxation constant for a reaction time of 3 hours for un- 
leavened doughs against the loaf volume for corresponding leavened 
doughs. his reaction time in unleavened dough was selected because 
it corresponds most closely to the reaction (i.e., fermentation) time 
allowed in the baking test. These data suggest that there may be a 
significant relation between the rheological behavior of unleavened 
dough and the baking behavior of the leavened dough. The data for 
both the control and bromated doughs suggest a linear relation. The 
incorporation of bromate produces a shift in the curve, but the two 
curves appear parallel. The effect of flour grade in this relation is not 
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Fig. 6. Comparison of various manifestations of improver action in patent (P), intermediate (1). 
clear (C), and germ flours (G): A, relation between loaf volume and protein content for control, optimal- 
ly bromated, and optimally iodated doughs; B, relation between optimum loaf volume and optimum im- 
prover dosage; C, relation between magnitude of 3-hour relaxation constant for unleavened dough and 
loaf volume; D, relation between increase in relaxation constants at 3 hours and increase in loaf volume 
produced by reaction of optimum level of bromate or iodate; E, relation between rate of bromate reaction 
in unleavened dough and optimum loaf volume produced by bromate: circles, reaction rate from rheologi- 
cal measurements; squared points, analytically determined rate of bromate loss; F, relation between rate 
of bromate loss in unleavened dough and basic loaf volume. 
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clear, for, while the increase in loaf volume for the control doughs 
corresponds to increasing flour grade, such is certainly not the case 
for the bromated doughs. The effect of iodate as shown in this repre- 
sentation is not simple. The incorporation of iodate, in the higher- 
grade patent and intermediate flours, yields data which fall on an 
extrapolation of the curve for control doughs, whereas points for 
iodate-treated clear and germ flours lie intermediate between the 
curves for control and bromate-treated doughs. A line through these 
two points is parallel to the other two curves. 

Two further attempts to discover a relation between changes in 
physical properties of unleavened dough and baking behavior are 
shown next. Figure 6, D, suggests that the increase in the 53-hour re- 
laxation constant produced by adding the optimum concentration 
of improver may be closely related to the corresponding increase in 
loaf volume in the baking test. This change in the relaxation constant 
represents the magnitude of the changes in dough properties produced 
in unleavened dough by the reaction of improvers in a time cor- 
responding to the fermentation time used in the baking test. A marked 
difference between bromate and iodate is reflected in this representa- 
tion. 

Figure 6, E, is a plot of the rate of the bromate reaction in un- 
leavened dough against optimum loaf volume. On the one hand 
(circles), the rate of the bromate reaction is determined from rheo- 
logical experiments as the slope of the linear portion of the plot of 
relaxation constant vs. reaction time for bromated doughs (Fig. 3). 
On the other hand (squared points), the rate of the bromate reaction 
is the analytically determined rate of bromate disappearance in 
optimally bromated unleavened doughs. ‘The data for all four flours 
suggest that optimum loaf properties may be closely related to the 
changes which bromate produces in the rheological behavior of un- 
leavened dough. However, because the point for the germ flour is so 
far removed, it does not seem as likely that the rate of bromate disap- 
pearance is so closely related to optimum loaf properties. Rather it 
would appear from Fig. 6, F, where the rate of bromate disappearance 
is plotted against the basic loaf volume, that the disappearance ol 
bromate is closely related to flour grade. 

A logical way of harmonizing these observations of the reactions 
of bromate and iodate in dough is to assume that the improving effect 
of various reagents arises, not from a single specific chemical reaction, 
but rather from different chemical reactions. This hypothesis is con- 
sistent with much technological knowledge of dough and bread prop- 
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erties. Doose and Wolter (5), for example, demonstrated that by 
appropriately varying any one or a combination of two or more ol 
several conditions during processing, an improvement in loaf proper- 
ties can be effected. Moreover, this hypothesis is also consistent with 
the concept of a three-dimensional or network structure in dough. It 
seems reasonable that in dough, with its complex composition, difter- 
ent reagents cause different chemical reactions which produce changes 
in the degree of cross-linking of the network. ‘The results of this study 
suggest that the optimum loaf volume produced by treating a flow 
with a given improver occurs with the attainment of a particular, but 
not necessarily specific, combination of dough properties, at a specific 
time in the bakng schedule, ie., at the time of molding. 

The foregoing comparison of the action of the improvers bromate 
and iodate has provided suggestive data which must be considered as 
qualitative only. The results of this study do, however, serve to indi- 
cate certain areas where more detailed study would be expected to 
yield more specific information on some of the individual factors in- 
volved in the mechanism olf improver reaction. 
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THE PENETRATION OF UREA AND ORTHOPHOSPHATE 
INTO THE WHEAT KERNEL' 


MADFLYN FEeRRIGAN, C. Norris, P. D. Boyer, AND W. F. Grepprs 


ABSTRACT 


Wheat kernels infiltrated under various conditions with rat urine con- 
taining C™ as urea or P® as inorganic phosphate and, in some cases, with 
indigo carmine were embedded in celloidin. After hardening, histological 
sections were cut and exposed to autoradiographic plates by direct contact. 
Penetration of P™ and C* into sound kernels, as well as into kernels with 
hair-line cracks in the surface, occurred particularly around the germ and 
along the crease. Washing the infiltrated kernels reduced the radioactivity 
on the surface but did not affect the contamination in the interior. 

Urea and radioactivity determinations were made on the various mill 
fractions obtained on the Buhler experimental mill from a commercial hard 
red spring wheat tempered for milling with solutions containing orthophos- 
phate-P® and urea in concentrations corresponding to those found in rat 
urine. They showed that while bran presents a considerable barrier to their 
entry, both constituents penetrated the endosperm at different rates and 
contaminated the flour. Thus, with P® the bran contained 92.6°%, the shorts 
$.2°,, and the flour streams 3.2°;, of the total activity; of the total urea, 
67.7% was found in the bran, 7.6% in the shorts, and 24.7% in the flour 
streams. Washing the kernels at 28°C. for 30 seconds with vigorous agitation 
removed about 60°, of the total urea present, but the loss was almost en- 
tirely from the bran layers. Neither dry-scouring the kernels nor washing 
them prior to milling had any appreciable influence on the total radio- 
activity or urea content of the flour fractions. Because of the high level of 
contamination employed, the uniformity with which the solutions of ortho- 
phosphate and urea were distributed among the kernels, and the short ex- 
perimental milling system used in these experiments, the degree of penetra- 
tion observed cannot be interpreted as a measure of the extent to which 
flour might be contaminated in commercial milling practice. 


In recent years increasing emphasis has been placed on improving 
the sanitation of wheat. The comprehensive survey of insect and 
rodent contamination of wheat grown in Montana, North and South 
Dakota, and Minnesota conducted by Butler and Mickel (2) showed 
that rodent: contamination of wheat was somewhat more extensive 
than was infestation with insects. The presence of rodent fecal pellets 
is indicative that the wheat is also contaminated with rodent urine and 
there is need for information on the extent to which the urine will 
spread over the surface of the kernels and penetrate into the endo- 
sperm. 

Contamination of wheat by rodent urine has been under study in 
these laboratories. Laakso et al. (8) have recently reported the results 
of some limited experiments on the number of wheat kernels which 
gave positive tests for urea when adult rats are allowed to roam over 


1 Manuscript received February 16, 1956. Presented at the Annual Meeting, St. Louis, Missouri, May 
1955. Contribution from the Department of Agricultural Biochemistry, Institute of Agriculture, University 
of Minnesota, St. Paul, Minnesota. Paper No. 3507 of the Scientific Journal Series. 
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the surface. The extent to which rodent urine can penetrate the outer 
layers of the wheat kernel and gain access to the endosperm is of 
particular importance in relation to production of wheat flour. The 
investigations which the authors have been conducting on this subject 
are reported in the present paper in two parts. The first comprises 
qualitative studies involving the preparation of autoradiographs from 
histological sections of wheat kernels after treatment with urine con- 
taining inorganic phosphate-P*? and urea-C'4, The second part deals 
with quantitative studies on the distribution of urea and inorganic 
phosphate-P* in the various fractions obtained in the Buhler experi- 
mental mill from a hard red spring wheat which was tempered for 
milling with a solution of urea and inorganic phosphate-P®*, The 
effect of dry-scouring and washing the wheat before milling on the 
distribution of these contaminants was studied. 


Qualitative Studies on Penetration of Orthophosphate-P** 
and Urea-C'* into Wheat Kernels 

The extent of penetration of urinary constituents into different 
parts of the wheat kernel may be studied qualitatively through appli- 
cation of radioactive tracers present in two compounds, inorganic 
phosphate and urea, which are normal constituents of rodent urine. 
Fechniques were developed for the preparation of microscopic sec- 
tions of wheat kernels which had been infiltrated with rat urine con- 
taining C'™ as urea or P** as inorganic phosphate. By making a series 
of sections through the kernel and using the same sections for micro- 
scopic observation as for the preparation of autoradiographs, it was 
possible to secure qualitative information on the extent of penetra- 
tion of inorganic phosphate and urea into different portions of the 
kernel. Many trials had to be made to determine the most suitable 
concentrations of radioactive compounds to use, to develop a tech- 
nique for the prevention of “flouring” of the kernel during the cut- 
ting of very thin sections, and to find satisfactory procedures for the 
preparation of histological sections and autoradiographs. Kernels with 
exposed germs or with hair-line checks or cracks in the surface would 
be expected to show greater penetration of urinary constituents than 
sound kernels. Kernels of these three types as revealed by visual and 
X-ray examination? were included. 


Materials and Methods 


Preparation of Kernels Infiltrated with Urea-C14, Sound wheat ker- 
nels were soaked for 4 hours in 0.5 ml. normal rat urine containing 


2 Courtesy of the Department of Entomology and Economic Zoology, University of Minnesota, and 
of Pillsbury Mills, Inc., Minneapolis, Minnesota. 
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approximately 45 micromoles of urea-C' equivalent to 45 microcuries 
of C™, On removal from the infiltrating solution, the kernels were 
divided into two groups, designated “washed” and “unwashed.” “Un- 
washed” kernels were blotted with paper toweling, air-dried, and then 
placed in celloidin (30°, 
ethyl ether-absolute alcohol, | + 1) to embed. “Washed” kernels were 
washed briefly three times with a thin stream of distilled water, drained 


solution of cellulose nitrate dissolved in 


on paper toweling, and then air-dried. 

Preparation of Kernels Infiltrated with Orthophosphate-P*. Two 
series of tests were made using different periods of immersion of the 
kernels. For the first series, penetration studies were made with ker- 
nels from three lots of wheat which were previously subjected to X-ray 
analysis: lot 1, sound spring wheat (grade | HDN); lot 2, hard spring 
wheat containing checks in the seed coat; and lot 3, mixture of hard 
red winter and hard red spring wheats containing germs which were 
exposed. 

Kernels trom each of the samples were soaked for 24 hours in | mi. 
normal rat urine containing 0.1 ml. of 0.15M phosphate butter (pH 
7.4), 2 mg. indigo carmine*, and 0.01 ml. of 0.25M orthophosphoric 
acid-P** solution equivalent to 20 microcuries of P**. Alter removal, 
the kernels were washed three times briefly with a thin stream of dis- 
tilled water, drained on paper toweling, and air-dried. 

For the second series, sound wheat kernels from lot | were soaked 
lor 30 minutes in | mi. rat urine containing 0.1 ml. of 0.15M phos. 
phate buffer (pH 7.4), 2 mg. indigo carmine, and 5.6 yl. of 0.25M 
orthophosphoric acid-P** containing 15 microcuries of On_ re- 
moval, kernels were blotted with paper toweling, and air-dried. 

Preparation of Sections and Autoradiographs. Vhe air-dry kernels 
were embedded with celloidin thinned to the proper consistency with 
a mixture of ethyl ether and absolute ethanol (1 + 1), lor 1 to 2 weeks 
in a screw-top jar. To begin the hardening procedure, the cover was 
partially removed from the jar. When the celloidin was sufhciently 
thick owing to evaporation ol the solvent, each kernel was oriented in 
the celloidin in such a way as to permit subsequent sectioning of the 
kernel, either parallel or perpendicular to the crease. The hardening 
process was continued by placing the uncovered jar in an atmosphere 
of chloroform until the celloidin was hard enough to permit removal 
of a block approximately | by | by 2 cm. containing the kernel. The 
block was immediately placed in a mixture of 70°, ethanol, 20°, 
water, and 10°, glycerol. The block was mounted by moistening one 


Indigo carmine was used here in connection with concomitant studies of the penetration of certain 


colored substances into the wheat kernel. 
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side with ethyl ether-absolute ethanol (1+ 1) and then placing it 
firmly on a metal mount containing some wet celloidin on its surface. 
The mounted block was either sectioned at 40 » immediately or stored 
by submersion in the aqueous ethanol-glycerol solution until sectioned. 
During the entire sectioning procedure it was necessary to keep the 
block, knife, and section wet with the alcohol-glycerol solution to pre- 
vent the sections from curling or becoming brittle. For the mounting 
procedure, glass slides 1 inch by 3 inches were painted evenly with a 
3°, solution of gelatin and allowed to dry. Four to six successive sec- 
tions at each of four or five areas through the kernel were transferred 
from the microtome blade to the gelatin side of the glass slide with a 
brush. As each slide was prepared, it was covered with a l-inch by 
S-inch strip of filter paper on which was noted the approximate nu- 
merical order of the sections and the identification of the kernel. 
Another slide was secured over the filter paper and attached by tape 
to the slide containing the sections. The alcohol was then allowed to 
evaporate so that the sections would become securely attached to the 
gelatin-covered slide. After 24 hours the tape was removed, and the 
slide containing the sections was then placed in intimate contact with 
an Eastman autoradiographic plate A (25+ T coating, | inch by 
3 inches) in the dark room. The two slides, autoradiographic plate 
and the one containing the histological sections, were secured by tape 
and exposed in a closed dark refrigerator for the time required to 
secure a satislactory autoradiographic image. The sections trom kernels 
infiltrated with urea-C'!! were exposed for 14 to 16 weeks. Those from 
the first series infiltrated with orthophosphate-P** were exposed for 3 
days beginning two halt-lives after infiltration; the second series was 
exposed 10 days beginning 3.5 halt-lives after infiltration. After suth- 
cient exposure the autoradiographs were developed. 

Leaching Effects. Visual inspection of kernels infiltrated with P** 
during the sectioning process of the first experimental series showe+l 
that the indigo carmine dye had penetrated all kernels well. Some 
leaching of the blue color was seen in the solutions used to wet the 
knife and the celloidin block. Some blue color was also visibly 
streaked through the block at several points; possibly this was leached 
from the kernel when it was oriented in the thickening celloidin. 
Radioactivity was detected in the celloidin independent of the pres- 
ence of the dye. 

Results 


Comparisons of the autoradiographs with the histologic sections 
under the microscope showed that inorganic phosphate-P*? and 
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Fig. 1. Photographs of autoradiographs made from histologic sections of wheat kernels soaked for 
21 hours in normal rat urine containing 20 microcuries of P™ as orthophosphate and 2 mg. indigo car 
mine. [Indigo carmine was used in connection with concomitant studies of the penetration of certain 
colored substances into the wheat kernel.] 


Top row: Sections from a kernel of sound hard red spring wheat, grade 1 Dark Northern, Sections cut 
parallel to the crease of the kernel. 

Bottom row: Sections from a kernel of the same type wheat as above but the kernel was sectioned 
perpendicular te the crease Note that intense concentration of radioactivity in the crease caused 


blurring of the seetion outline, particularly in the crease area. 


urea-C!* penetrated sound as well as checked kernels, particularly 
around the germ and along the crease. While washing the kernels afte: 
they were soaked in urea-C'* lor 4 hours removed some of the urea 
from the surtace, it had no apparent influence on the degree of con- 
tamination in the interior, Photographs of representative autoradio- 
graphs and histologic sections are shown in Figs. | and 2. Urea-C'™ 
gave more contrasty negatives than phosphate-P*. 


Quantitative Studies on the Distribution of Orthophosphate-P** and 
Urea in Mill Streams Obtained in the Buhler Mill from Wheat 
Tempered with a Solution of Orthophosphate-P** and Urea 

To secure a measure of the extent to which urinary constituents 
can become distributed in the wheat kernel and contaminate the flour, 
experiments were performed in which a commercial wheat was tem- 
pered with a solution of inorganic phosphate-P*? and urea solution 
and milled in the Buhler mill; the various mill fractions were weighed 
and samples analyzed tor radioactivity and urea content, as well as for 
moisture, protein, and ash content. Two series of experiments were 
made. In the first, a test was made of the replicability of the procedure 
and in the second, the influence of dry-scouring and of wet-washing 
the wheat was investigated. 
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Fig. 2. Photographs of autoradiographs made from histologic sections of sound hard red spring wheat 
kernels soaked for 4 hours in normal rat urine containing 45 microcuries of C™ as urea. 
lop row: Sections cut parallel to the crease of a kernel (grade 1 Dark Northern) which was not 


washed on removal from the C'* urine solution. Before the kernel was embedded with celloidin 


it was merely air-dried 
Bottom row: Sections cut perpendicular to the groove of a kernel which was not washed on removal 
from C''-arine solution, before it was embedded with celloidin. 


Materials and Methods 


Preparation of Samples for Milling. In the first experimental series, 
2000 g. of wheat (No. | Dark Northern Spring), 11.5°(, moisture, were 
mixed with 100ml. of a solution containing 0.05 M_ phosphate-P** 
(pH 7.4) containing 5.0g. of urea. The solution was added slowly from 
a buret while the wheat was slowly stirred mechanically. ‘The sample 
was stored for 18 hours in a closed container with occasional shaking 
to bring it into proper condition for milling. 

A second series of experiments was made to secure a measure of 
the influence of dry-scouring and of washing to which wheat is normal- 
ly subjected commercially before it is milled. To 5798 g. of the com- 
moisture were added 300 ml. of the solu- 
tion of 0.05 M inorganic phosphate-P** containing 15g. of urea, which 
brought the moisture content to 16.0°,. The mixture was held at room 
temperature in a closed container for 72 hours and then dried to 
12.4°) moisture in an air oven maintained at 37.8°C. The wheat was 
held 48 hours in a closed container to permit the moisture distribution 
within the grains to approach equilibrium. The sample was then 
divided into three lots of 1953 ¢., each of which was treated as follows: 


mercial wheat mix at 11.5°; 
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Lot | was tempered to 15.5°,, moisture, allowed to stand in a closed 
container for 18 hours, and then milled. 

Lot 2 was passed through a Wolf experimental scourer once, tem- 
pered to 15.5°% moisture, held for 18 hours, and then milled. 

Lot 3 was washed with a strong stream of water at 28°C. with 
vigorous agitation, allowing the water to flow through the grain for 
30 seconds, after which the wheat was transferred to a Biichner tunne! 
and vacuum applied to remove the excess water. The elapsed time 
from the start of the washing process to the completion of filtration 
was 5 minutes. The wheat was dried to 14.6°, moisture at 37.8°C., 
tempered to 15.5°;, moisture, held in a closed container for 18 hours, 
and then milled. 

Experimental Milling. Milling tests were carried out in a Buhler 
automatic experimental mill. A preliminary sample of a tempered 
wheat treated to the same level of radioactivity as the experimental 
series was put through the mill. The sieve boxes were then emptied 
but the mill was not cleaned out before the experimental samples 
were milled. After about one-third of each wheat had passed through, 
the sieve boxes were emptied and the mill fractions obtained during 
the remainder of the operation were collected and weighed. The 
vields of each fraction were computed on the basis of the total weights 
of material recovered. This procedure was followed in order to avoid 
undue contamination of the mill room and personnel with radioactive 
materials. After each series of tests, the mill was allowed to stand idle 
until the radioactivity had fallen to low levels. 

Methods of Analysis. Moisture, protein, and ash were determined 
on samples of the tempered wheats and the various mill fractions by 
the conventional procedures described in Cereal Laboratory Methods 
(1). Before analysis, the wheats, bran, and shorts were ground in a 
micro Wiley mill to pass a 40-mesh sieve. For measurement of radio- 
activity, 10g. of each traction and of the ground whole wheat were 
compressed in a Carver hydraulic press into a cylindrical pellet 3 cm. 
in diameter and approximately 1.5m. high. Fragmentation of the 
pellets during handling was prevented by coating the surfaces with 
du Pont Krylon acrylic spray. The radioactivity of each pellet in 
counts per minute above background was determined by conventional 
techniques using a Geiger-Mueller thin-windowed tube and a suitable 
scaler. Urea was determined on the pellets employing an adaptation 
of the method described for feeds in Cereal Laboratory Methods. The 
bran and shorts fractions were ground in a micro Wiley mill to pass 
a 40-mesh sieve and urea was determined on a 0.5-g. sample. After 
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digestion with urease solution at pH 4.5, a 5-ml. aliquot was trans- 
ferred to a micro-Kjeldahl steam distillation apparatus, | ml. each of 
25°, calcium chloride solution and of 10°, sodium hydroxide solution 
was added, and the ammonia collected in 10 ml. of 2°% boric acid solu- 
tion containing methyl red and bromceresol green as a mixed indicator. 
The distillate was collected for 3 minutes, and after an allowance ol 
| minute for drainage of the condenser, the ammonium borate formed 
was titrated with 0.01 N hydrochloric acid solution. Fractions milled 
from untreated wheat were analyzed to serve as blanks; reagent blanks 
were also run. Trials with uncontaminated bran to which urea solu- 
tion was added in an amount equal to that found in the bran from 
urea-treated wheat gave 95°,, recovery. Complete recovery of ammonia 
from a standard solution of urea digested with urease was obtained by 
the above procedure for distillation and titration of the ammonia 


formed. 


Results 


The results of the preliminary trial to test the replicability of the 
data obtained with orthophosphate-P** are summarized in Table I. 
The duplicate trials with quite different levels of P** are in good rela- 
tive agreement. The bran possessed 131 and 150 times greater radio- 
activity per unit weight than the flour traction of lowest activity (sec- 
ond- or third-reduction flour). When comparisons are made on the 
basis of the total weights of the various fractions, the bran contained 
90.6 and 92.0°) of the total activity, the shorts 5.5 and 6.6°%, the 
break flours 1.1 and 1.3°,, and the reduction flours 1.4 and 1.6°%%. 
Summation of the P** values for all the flour fractions shows that 2.5 
and 2.9°° of the total radioactivity would be present in the straight- 
grade flour (ash content 0.42°,, test 2). 

The results of the second series of experiments designed to study 
the influence of dry-scouring and washing on the distribution of in- 
organic phosphate and urea are recorded in ‘Tables II] to IV inclusive. 

The mill yields and chemical analyses for the control, dry-scoured, 
and washed samples in Table II are in good agreement. Total flour 
vields of 64.6 to 66.1°. with ash contents of 0.40 to 0.44°% were ob- 
tained. Although the flour yields are much lower than those for com- 
mercially milled straight-grade flours, the ash contents are quite 
similar. 

The effects of dry-scouring and washing on the distribution of P*? 
and urea are shown in Tables Ill and IV. The radioactivity of the 
bran of the control sample per unit weight was approximately 100 
times greater than that of the second-reduction flour; in contrast, the 
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IABLE I 


OF P@ IN Mint FRACTIONS FROM Wuueat 
RADIOACTIVE PHOSPHATE SOLUTION ® 


Present EQuivaLent 
vE 
in Fraction 
SAMPLE ToTaL SaMPLe 


lest | April 3, 1954 


Bran 26.9 69,400 149.6 391 2,710,000 92.0 
Shorts 73 15,190 $2.7 106 161,000 5.5 
Flours 

f First break 5A 1.860 1.0 78 14.500 

Second break 95 1,160 95 138 16.000 os 
Vhird break 15 1,985 1.3 29 1,370 oa \ 
First reduction 93.5 608 1.3 $42 20.800 0.7 
Second reduction 11.2 164 1.0 162 7.520 03 
Third reduction 14.7 595 1.3 214 12,700 O4 \ 
Totals 100.0 1.453 2.946.890 1000 2.5 
Test 2— Aug. 6, 1954 
Bran 25.5 8,520 11.1 $27 000 90.6 
Shorts 84 1.890 29.1 126 23.800 6.6 
Flours 
First break 227 77 1.750 05 
Second break 9.6 155 2.4 144 2230 06 + 13 
Vhird break 13 29 60 \ 
First reduction 24.2 1.3 09 
Second reduction 8.6 65 10 130 S45 02 \ 1.6 
Third reduction 17.1 68 1.0 258 1.750 05 \ 
lotals 100.0 29 
* Protein and ash values on a 140 moisture basis for the flours obtained in Test 2 were as follows 
Flour Protein 
First break 13.7 0.52 
Second break 15.3 0.55 
Third break 17.2 0.62 
First reduction 12.1 0.39 
Second reduction 11.7 0.39 
Third reduction 11.8 0.35 
Summary 
All break flours 15.0 0.55 
All reduction flours 119 0.38 
All flours 2.7 0.42 


relative activities of the bran from the dry-scoured and washed samples 
were 74 and 49 times greater respectively than the second-reduction 
flour. Dry-scouring slightly decreased, and washing greatly decreased, 
the total radioactivity of the bran [raction; however, these treatments 
had little effect on the total radioactivity of the flour fractions. Thus, 
the bran from the washed wheat gave a total of approximately 96,000 
counts, and that from the dry-scoured wheat about 198,000 counts, in 
comparison with about 216,000 counts for the bran from the control. 


3:3 


49 


r AL. 


FERRIGAN 


MADE 


1956 


July, 


Pause 


pornos 


NOLL 


AY 


Oro 
oF O 


oro 
REO 
x90 
oho 
oro 


ON | 


(INN 


) poyst 


“aq 


ONINIVENO')) 


it 


Lol 


OSI 


LAG 


NI 


199 ecg 
Lei rel 
L6 YR 
ORS 
| | 
ot 
ro 


pounooy 


pouse y “aq 


HIEM 
SINVAMIS 


1 


bt 
Pol 


MOH TIN 


SINOY Yeaq 


IAL 
paryy 


NOLLIVNY 
UNV 


= 
= 
= >?! S S i> 3 cous 
a 
- 
= 
- 
a3 
| 
3 


AND P* 


INFLUENCE OF DRyY-SCOURING 


PENETRATION INTO WHEAT KERNEL 


LABLE 


AND WASHING ON THE P® Activiny AND Urea Content 


or FRACTIONS OBTAINED IN Mintinc Harp Rep Spring 
PeMPERED WITH SOLUTION CONTAINING AND UREA 


FRACTION 


Wheat) (ground) 
Bran 

Shorts 

First break 
Second break flour 
Third break flour 
First reduction flour 
Second reduction flour 
Third reduction flour 


COMPARATIVE EFFECTS OF 
ACTIVE ORTHOPHOSPILATE 
AND IN THE 


FRAcTION 


Bran 

Shorts 

Break flours 
Reduction flours 
All flours 

All tractions 


Bran 

Shorts 

Break flours 
Reduction flours 
All flours 


All fractions 


P™ Activi 
Counts rer Miner 


Dry 
Scoured 


Control 
1285 

1875 

1165 

166 

127 

206 

73 

66 

73 


PABLE 


TY 


Linea Convent 
ren We 


Washed Control Dry Washed 


Scoured 

735 2.82 
2325 
615 2.48 
0.77 
1.28 

2.04 

O57 

0.98 


127 


I\ 


Dky-SCOURING AND Wastunc Wreat with Rapio- 
AND SOLUTION ON THE RELATIVE DistRIBUTION oF 
PRINCIPAL Propucts Opsrainep on tite 


Control 
rea 
241 
0.27 
0.26 
0.62 
8.56 
Pencent 
ontrol 
pas 
V2.6 
1 
1A 
1.8 


3.2 


100.0 100.0 


in Fraction * 

Dry -Scoured Washed 

£ 

4 221 95.6 O55 

11.9 0.27 O17 

0.25 2.0 0.25 

O58 3.8 0.56 

O85 5.38 0.79 

218.8 3.31 107.2 151 

or P™ on Fraction 

Dry -Seoured Washed 

Lrea 

S64 

11.3 

15.2 

37.1 

52.3 


100.0 100.1 100.0 100.0 


* The total P activity and urea content of each fraction was calculated from total recoveries of 1461, 
1474, and 1491 g., respectively, in milling the contre 


centage yields of each fracti« 


was 97.5, 89.7, and 40.5° re 
of P in each fraction are 


mn recorded in Table II. 
spectively, for the contre 
given as thousands of 


yl, dry-scoured, and washed wheats and the per 
The total recovery of urea in the mill products 
dry-seoured, and washed wheats. The amounts 
counts per minute. 


i 250 Vol. 35 
meg 
134 
1.75 
0.70 
1.12 
020 
OAD 
0.98 
| || 146 1.08 
= 24.7 
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In contrast, the total flour from the washed, dry-scoured, and control 
wheats gave approximately 5800, 8500, and 7400 counts respectively 
(Table IV). As a result of this differential effect of these premilling 
treatments on the P*? content of the bran as compared with the in- 
terior portions of the kernel, these treatments increased the percentage 
of total radioactivity present in the flour fractions. Thus, the straight- 
grade flours from the control, dry-scoured, and washed wheats con- 
tained 3.2, 3.9, and 54°, of the total radioactivity of the various 
fractions. 

Urea penetrated the bran much more readily than inorganic phos- 
phate, with the result that it is more uniformly distributed through 
out the various fractions. Thus, the straight flour from the control 
sample contained 24.7°, of the urea added to the wheat, whereas it 
contained only 3.2°, of the total radioactivity due to P**. Washing, 
and to a much lesser extent, dry-scouring, reduced the urea content 
of the bran. Thus, calculations show that while 97.5°, of the urea 
in the control wheat was recovered in the mill products, 89.7 and 
10.50) respectively were recovered from the wheats which were dry- 
scoured and washed. As with P**, however, these sample treatments had 
no significant influence on the amount of urea found in the flour trac- 
tions. The straight-grade flour (all flour fractions) from the control, 
dry-scoured, and washed samples contained 0.88, 0.83, and 0.79 g. urea 
respectively. As a result of the marked decrease in urea content of the 
bran when the wheat was washed, without the urea content of the 
interior portions of the kernel being materially influenced, the flour 
contained 52.3°), of the total urea present. 


Discussion 


The qualitative observation that solutions containing orthophos- 


phate-P*? and urea-C'* penetrated the wheat kernel, especially around 


the germ, could be anticipated from studies which have appeared in 
the literature on the entry of water into the kernel. ‘These researches 
have recently been reviewed by Hinton (6). 

It has been shown that water enters relatively quickly around the 
germ (5,9) through a capillary system which extends into the germ at 
the point of attachment to the ear (3,4). Subsequently, the water taken 
up by the pericarp becomes distributed throughout the kernel during 
the tempering period. Although there is an inward movement of wate 
through the whole surface of the seed coats, a barrier of low permea- 
bility exists (5,7,9). This barrier has been thought to be the hyaline 
layer, but Hinton’s recent paper (6) has reported measurements by a 
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direct method of the rate at which water can pass through different 
kernel tissues. Hinton found that the testa was the bran layer which 
offered the greatest resistance to the entry of water. There was no rela- 
tionship between permeability of the testa and kernel size, grade ol 
wheat, thickness of seed coat, or exposure of the wheat to adverse 
weathering conditions. In the present study it was not possible to iden 
tily the particular seed coat which acted as a partial barrier to ortho- 
phosphate and urea. 

The quantitative studies on the distribution of inorganic phosphate 
and urea in the various mill streams from the Buhler mill clearly 
show that while bran presents a considerable barrier to the entry ol 
these two major urinary constituents, they can penetrate to the endo- 
sperm at different rates and contaminate the flour. The degree of 
penetration observed in these experiments must not, however, be in- 
terpreted as a measure of the extent to which the flour might be coi- 
taminated in commercial milling practice. The high level of con- 
tamination employed, the unilormity with which the solutions ol 
orthophosphate and urea were distributed among the kernels, and the 
short experimental milling system would all favor greater contami- 
nation of the flour than would be expected in commercial operation. 
Laakso et al. (8) found that rat urine had such a high spreading power 
that one rat excreting an estimated 8.0 ml. of urine per day would con- 
taminate 10,000 kernels of wheat (approximately 350g.) when allowed 
to roam over the surface of the grain with a supply of distilled water 
available. This is equivalent to about 46 ml. of urine per 2000¢. ol 
wheat, in contrast with 100ml. of solutions of urea and of orthophos- 
phate corresponding in concentration to the levels of these sub- 
stances in rat urine which were used in the experiments reported in 
this paper. In commercial practice only the wheat within a few inches 
of the surface of the grain in storage would be contaminated, and 
during handling these kernels would become mixed with uncontami- 
nated grain. Moreover, the extent to which urine would penctrate 
those kernels which were contaminated would be somewhat restricted 
by the limited amount of water available. On the other hand, the 
subsequent tempering process will favor the further penetration of any 
urinary constituents which have entered the seed coats. 

The fact that urea and orthophosphate penetrated the seed coats 
and that dry-scouring or washing the wheat had little influence on 
the amounts of these constituents in the flour fractions emphasizes the 


importance of control measures to prevent rodents from gaining access 
to wheat. 
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A STUDY OF THE RELATION BETWEEN TIME, TEMPERA- 
TURE, MOISTURE CONTENT, AND LOAF VOLUME BY THE 
BROMATE FORMULA IN THE HEAT TREATMENT 
OF WHEAT AND FLOUR' 


H. A. Becker AND H. R. SALLANS? 


ABSTRACT 


Study of the factors time, temperature, moisture content, and loaf vol 
ume in heat-treated wheat and flour indicates that denaturation of the 
gluten is a first-order reaction. The rate constant, derived by expressing 
loat volume for the treated sample as a fraction of the control, shows a 
temperature dependency which follows the Arrhenius equation. Computa- 
tion of the energy of activation for the reaction gave an average value (vir- 
tually constant) of 64.6 kcal. per mol. over the range 8-20°; moisture for 
wheat. Correlation of these data shows that the wheat temperature required 
for a 3°, decrease in loaf volume in | hour varies from 200°F. at 8°) to 
at 20°) moisture content. 

The thermodynamic magnitude involved in activation AF*, AH*, and 
AS* are evaluated and indicate that water acts as a catalyst in the denatura 
tion by increasing the entropy of activation, by decreasing the energy of 
activation, or both. 


The effect of elevated temperatures on wheat and ity products has 
been the subject of considerable research. Attention has been focused 
on two important problems: first, the properties of heat-treated flours, 
especially with regard to modification or improvement of baking 
properties; and second, the conditions under which wheat can be safely 
dried without injury to its baking properties. More recently, Pence 
et al. (5) studied the effect of moisture content, temperature, pH, and 
salt concentration on the rate of denaturation of gluten by heat, using 
solubility and baking properties as criteria of denaturation. However, 


no quantitative analysis of the relation between the controlling vari 
ables and the baking properties of heat-treated wheat and flour has 
vet been reported. 


Subjection of wheat or its products to excessive heat treatment re- 
; sults in damage to the quality of the gluten. It is generally agreed that 
oe this damage is caused by thermal denaturation of the constituent pro- 
: teins (2, 3, 5). To obtain a practical analysis of the relations involved, 
it is necessary that the baking test used must clearly reflect the extent 


mee to which the proteins have been denatured. 
Ls It has been shown by Geddes (2) that heat damage in wheat 
products is most clearly revealed by the baking test, using the stand- 


ee ee Manuscript received December 27, 1955. Contribution from the Prairie Regional Laboratory, National 
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ard formula with the addition of 0.001°% potassium bromate. Geddes 
(3) has also shown that a high positive correlation exists between the 
loat volume determined by the bromate formula and the colloidal 
properties of the flour proteins, such as the viscosity of leached, acidu- 
lated flour suspensions and the peptization of the proteins by | N 
magnesium sulfate. It may, therefore, be concluded that loal volume 
is a sensitive index of physico-chemical changes in the proteins and 
may be used to measure heat damage (5). 

Larmour (4) has shown that loaf volume by the bromate formula is 
closely correlated with protein content of wheat. The relation was 
lound to be linear and the regression equation 

Loal volume = 50.9 (protein content) + 24 
was lound to apply over the range 7.0-16°, protein. Thus loal volume 
is directly proportional to the undenatured protein of sound wheat. 

If the following assumptions are made about the mechanism olf the 
thermal denaturation of the gluten proteins, an analysis can be made 
of the relations among time, temperature, moisture content, and loal 
volume by the bromate formula. The assumptions which form the 
working hypothesis are: 

(i) The thermal denaturation of gluten proteins is a first-order, mono- 
molecular process; 

(ii) the gluten proteins affecting loaf volume are all denatured at the 
same rate; 

(iii) a protein molecule is either completely native or completely de- 
natured; and 

(iv) loaf volume is directly proportional to the concentration of un- 
denatured protein. 

The thermal denaturation of the proteins should follow the kinetic 
equation of a first-order reaction, and the concentrations of reactant 
and product (native and denatured protein) can be expressed in terms 
of the loaf volume. Pence et al. (5) made a similar assumption in study- 
ing the denaturation of gluten. The rate equation is therefore given by 

k, = (2.303/t) log 1/V, 
where k,. is the rate constant, sec.~!; 
t is the duration of the heat treatment, sec.; 
V is the ratio between the final and initial loaf volume de- 
termined by the bromate formula; and 
1/V is the ratio between the initial and final concentrations 
of native protein. 
If the denaturation shows the characteristics of a first-order reac- 


tion, then log 1/V should be a linear function of the time of treatment. 
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Quite extensive data on heat-treated flours are available in the litera- 
ture (2), but data on wheat are limited. It was decided to obtain addi- 
tional data on wheat and to try to correlate the effects of time, temper- 
ature, and moisture with heat damage for both flour and wheat. 


Materials and Methods 


The Thatcher wheat selected tor study was of No. 2, second-genera- 
tion, registered seed grade grown in 1953. Flour milled from this wheat 
to 70°) extraction showed a protein content of 15°, (14°, moisture 
basis) and gave loaf volumes of 905 cc. by both the standard and bro- 
mate formulas. Since both protein content and loal volume were high, 
the wheat was considered to be well suited for a study of damage by 
heat. 

\t the time of tempering, the wheat showed a moisture content of 
8.0°0.° One lot of this wheat was retained without tempering, while 
three other lots of 15 Ib. each were tempered to moisture contents ol 
10, 12, and 16° 
containers and allowed to condition for | week at room temperature 


» respectively, The wheat was then stored in 21,-gal. 
belore tests were begun. 

The apparatus used was similar to that described by Geddes (2). 
The sample cylinder was constructed from a section of aluminum irri- 
gation pipe din. in diameter by 15 in. long. The ends were closed with 
disks of 14-in. aluminum; one was welded, the other flanged and bolt- 
ed. Shalts of 14-in. aluminum were welded to the disks. Four baffles 
made from l4-in. strips of 1/16-in. aluminum were welded longitudi- 
nally at 90° intervals around the inner periphery of the cylinder to 
promote mixing. The cylinder was mounted horizontally in an angle- 
iron frame and driven by a 14-H.P. motor coupled to a variable speed 
unit. In operation the apparatus was placed in a constant-temperature 
oil bath with the cylinder completely submerged in the oil. 

In making a run about 1200g. of wheat were placed in the appara- 
tus. The cylinder was immersed in the oil bath and rotation immedi- 
ately begun. The speed used was just below that which caused the 
wheat to cling to the periphery of the cylinder. The initial flow ol 
heat to the apparatus and its contents was very rapid, and it was found 
beneficial to overheat the oil bath by 4°-5°F. before beginning opera- 
tion. This prevented the bath from dropping below the controlled 
temperature in the first few minutes of a run. It was found that the 
temperature of the wheat was within 1°-3°F. of the controlled tem- 
perature within 15 minutes after the start of the operation. All runs 
were ol 2 or 3 hours’ duration. 


All moisture contents in this paper are expressed on wet basi« 


: 
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On completion of a run the cylinder was immediately transferred 
to a cold-water bath and rotated to ensure rapid cooling of the wheat. 
Moisture determinations were made belore and after heat treatment, 
and only in a few cases was there a significant difference. 

After treatment the samples were air-dried and stored at 11°C. 
until milling and baking could be completed. They were then given a 


preliminary tempering to 13° 


» moisture and finally raised to the 


normal level of 15°; immediately prior to milling. Straight-run flours 
were then produced on an Allis Chalmers experimental flour mill. The 
llours were baked using a bromate concentration of | p.p.m. 

It will be noted in Table I that loaf volumes for the controls show 
a range of 905 to 970cc. This probably reflects changes in the samples 
caused by tempering and may be due either to changes in the physical 
structure ol the grain or to enzymatic action at the higher moisture 
levels. These effects are not uncommon and previous workers have 
noted loaf volume increases on drying. It was deemed advisable to 
minimize these effects in the present study by making treatment of the 


LABLE 


SumMary OF Heat TREATMENTS ON Wueat 


Moisture Loar kr, 


(Wet Basis) TEMPERATURE Time \ 104 

F. hours ce. 
Control 0 970 1.000 : 
145 63 i] 895 0.922 0.075 

16.1 150 66 i] 690 0.711 0.316 
160 71 2 165 0.480 0.980 
170 77 2 255 0.2638 1.81 
175 80 2 290 0.299 1.68 
Control 0 950 1.000 
165 74 5 802 O.R45 

12.1 170 77 5 707 0.745 0.275 
180 82 2 167 0.492 0.980 
185 85 2 300 0.3516 1.61 
190 RS 2 200 0.295 1.69 
Control 0 930 1.000 
170 77 5 890 0.937 0.041 

10.3 175 80 5 890 0.937 O04! 
180 82 2 860 0.905 O.112 
190 88 2 45 O57A 0.740 
195 91 2 410 O4A382 1.14 
Control 0 905 1.000 
190 88 a] 890 0.984 

8.0 195 9] 5 850 0.940 0.060 
205 96 2 820 0.906 0.138 
210 99 2 775 0.856 0.217 


215 102 2 605 0.668 0.560 


® Basic formula + 0.001% bromate. 


noe 
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controls parallel as closely as possible the teatment of samples under 
investigation. 


Results and Discussion 
Geddes (2) has reported a series of data carried out on flour at 
13.9°), moisture. Figure | shows a plot of 2.303 log 1/V calculated from 
these data as a function of the time of treatment at different tempera- 
tures. The relation is linear and this proves that the first-order equa- 
tion is applicable to this case. 


08 
I> 
m 04 
N 
02 
2 6 8 10 12 14 16 
| TIME (hours) 
Fig. 1. The denaturation of gluten in flour at 13.99 moisture at various temperatures as measuree 
by the leaf volume by the bromate formula. Data from Geddes (2). 


The results for wheat are summarized in Table I, which also gives 
the calculated values of the first-order rate constant, k,. It should be 
noted that the value of k, can be considered accurate only when the 
ratio V is less than 0.95 and the loaf volume is greater than about 
300 cc. Loat volume by the bromate formula reaches a minimum be- 
tween 200 and 250 cc. A certain minimum value must exist because of 
the volume occupied by the ingredients of the loaf, and as this mini- 
mum is approached the relation between damage and loat volume 
fails. Larmour’s results (4) indicate that a volume of 300 cc. corresponds 
to a native protein content of about 5.5°%, and it can be assumed that 
at about this point the normal relation between loaf volume and the 


content of native protein breaks down. This serves to emphasize the 
importance of using a high-protein wheat when studying heat damage. 


The first-order rate constant should show an Arrhenius-type tem- 
perature dependency. This may be expressed by the equation: 


| | | 
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log k, — logA = (—E/2.303RT), 
where E is the energy of activation, cal. per mol.; 
A is a constant, sec.~! 
T is the absolute temperature, “K; and 
R is the gas constant, 1.987 cal. per mol. °K. 

Figure 2 shows log k, computed from data on wheat as a function 
of 1/T for various moisture levels. The relation appears to be essen- 
tially linear up to 20° moisture content. Since there were not sufh- 
cient data to justify differentiation between the curves, an average 
value for the energy of activation, E, was calculated, using all the 
data except those lor a moisture content of 21.6°%, and the curves 
in Fig. 2 have been drawn with a constant slope corresponding to this 
value of E. This procedure may not be entirely valid theoretically but 
it assists in the practical interpretation of the results. The calculated 
average value of FE was 64.6 kcal. per mol. This is in the range reported 
as typical of protein denaturations (6). 

If it is assumed that the energy of activation is constant, then the 
constant, A, in the Arrhenius equation is obviously a function of 


moisture content. Figure 3 shows the values of log A calculated from 
the curves in Fig. 2 as a function of the moisture content. Specification 


@-GEODES 
- O- PRESENT DATA 4 
ax 
4 


3.0 29 28 27 
= x 1000, °K" 


Fig. 2. Relation between temperature and the rate of denaturation of gluten in wheat at various 
moistures as measured by the loaf volume by the bromate formula. Curves for 8.0 - 19.9% moisture drawn 
with a constant slope corresponding to an energy of activation of 64.6 keal. per mol. The energy of 
activation at 21.6% moisture is 32.7 keal. per mol. 
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of both E and A allows calculation of the first-order rate constant at 
any given temperature. Hence, when combined with the value of the 


energy ol activation E = 64.6 keal. per mol., Fig. 3 reflects the general 


T T qT T 
@-GEDDES 
o-PRESENT DATA 
© 
£ 
} 
| 
34} 4 
| 
8 10 12 a 16 18 20 
MOISTURE CONTENT ( percent) 
Fig. 3. The constant in the equation log kr log A 61,600, 2.503RT as a function of the moisture 
content of wheat in the range of moisture 8 - 20%. Computed from Fig. 2, in which the averaged slope of 
the curves for different moistures corresponds to an energy of activation of 64.6 keal. per mol 


relationship between loaf volume by the bromate formula, time, tem- 
perature, and moisture content for wheat in the range of moistures 

At any given temperature Fig. 3 gives essentially the relation be- 
tween the rate constant and the moisture content of wheat. The figure 
indicates that in the range of moistures shown the rate constant is 
strongly dependent on moisture content. Increasing the moisture from 
8°, to 20°. increases the rate constant by a factor of more than 10+, 
The rate of increase is greatest at the lower moistures: between 8% 
and 13°, the constant increases by a factor of 600, but between 15°; 
and 20°) it increases by a tactor of 10. 


‘igure 1 shows an interpretation of Fig. 3 in terms relevant to 
the practice of wheat drying. The figure shows the temperature neces- 
sary for a decrease in loal volume of 3°, in | hour as a function of 
moisture content. Since the retention time in the drying section of a 
hot-air drier is normally less than | hour, this figure gives the approxi- 
mate maximum grain temperatures at which wheat can be dried with- 
out significant damage to its baking properties. 
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CRITICAL TEMPERATURE, °F. 
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Fig. §. A practical interpretation of Fig 3 in terms relevant to the practice of the drying of wheat, 


showing the temperature required for a decrease in loaf volume by the bromate formula of 3% in 1 hour. 


30 29 28 27 a 


x 1000, °K" 


Fig. 5. Relation between temperature and the rate of denaturation of gluten in flour at various 
noistures as measured by the loaf volume by the bromate formula. Data from Geddes (2). 
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Figure 5 shows the rate constants calculated from data on flour (2) 
as a function of the reciprocal of the absolute temperature. The data 
for 13.9% 
of the curves in Fig. 1. It is evident that the relation plotted is essen- 
tially linear. However, unlike that for wheat, the proportionality be- 
tween log k, and 1/T for flour clearly depends on the moisture con- 
tent. The data for 13.9°, moisture appear to indicate that it also 
depends on the temperature, since there is an abrupt change in the 
slope of the curve at about 63°C. (1/T = 2.98). However, it should be 
noted that the rate constants shown for this moisture are average val- 
ues. Table II shows the actual calculated values of the first-order rate 
constant for different times of treatment at temperatures of 57° and 
68°C.; above 63°C. the rate constant is independent of time, whereas 
below 63°C. it decreases with increasing time of treatment. This sug- 
gests that below 63°C. thermal denaturation is of secondary impor- 
tance to some type of reaction that is inhibited by higher temperatures. 
It may be assumed that this reaction is gradually stopped by heat 


moisture are average values, k, corresponding to the slopes 


inactivation of proteolytic enzymes. 


TABLE II 


Hrat-TREATMENT OF FLOUR aT 13.9% Motsturt: Benavior OF THE 
First-Orpek RATE CONSTANT ABOVE AND BrLow 63°C." 


$7°C. Temrenari ne — 68°C. 
kr, kr, 
Time sec.) & 104 Time sec.) X 104 
hours hours 
2 0.071 l 0.192 
4 0.045 2 0.182 
8 0.029 0.183 
16 0.027 4 0.186 
24 0.022 6 0.187 


* Computed from data of Geddes (2). 


Energy Relations. The Eyring formulation of rate theory as inter- 
preted by Stearn (6) for protein denaturation may be applied to the 
data. Eyring’s theory emphasizes the free energy of activation rather 
than the energy of activation. The reaction may be symbolized by 

N = X° = D, 
where N denotes native protein, X* denotes the intermediate activated 
complex, and D denotes denatured protein. If K* represents the 
equilibrium constant for the formation of activated molecules, then 
K* is related to the first-order rate constant by 

k.=« (kT/h) K* 


| 
- 
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where « is a transition coefficient assumed to equal unity, 


k is the Boltsmann constant, and 
h is Planck’s constant. 
The equilibrium constant K* is related to the thermodynamic magni- 
tudes involved in activation by 
AF* = — 2.303 RT log K* 
= AH* — TaS* 
where AF*, AH*, and AS* are the standard changes in free energy, 
heat content, and entropy, respectively, for the formation of activated 
complex from reactant molecules. AH* is related to the energy of 
activation Eby 
AH* =E-—RT 
Thus 
k, = Aexp— E/RT 
= (kT/h) exp — AF*/RT 
The loregoing equations facilitate the calculation of AF*, AH*, and 
AS°*. 

Table Il gives the experimental values of E and log A, and the 
calcuiated values at 50°C. of AF*, AH*, and AS* from data on wheat, 
on flour (2), and on gluten (5). It may be seen that both E and AF* 
are in the ranges common tor protein denaturation, and the formation 
of activated complex is accompanied in most cases by a large increase 
in entropy. 

Following the interpretation of Stearn (6), it appears that one of 
the steps in activation is hydrolytic cleavage of a cystine bridge, involv- 
ing 20 keal. per mol. but resulting in negligible entropy increase. The 
other steps involve the breaking of a number of weaker bonds with an 
entropy increase of about 12 e.u. per bond. Stearn assumes the strength 
ol these bonds as 4 keal. per mol., but a value of 5 kcal. per mol. gives 
better agreement with his data when the number of bonds broken is 
less than 15. Hence it may be supposed that the number of weak bonds 
broken per molecule in activation is 

(AH * — 20,000) 5,000 or AS* /12 
and in addition one cystine bridge is broken with zero increase in 
entropy. 

‘The last two columns in Table ILL show the number of weak bonds 
broken per molecule as given by the two methods of calculation. In 
all cases where two or more weak bonds appear to have been broken, 
the two estimates do not differ by more than one bond. The data for 
wheat in the range of moistures 8.0-19.9°, indicate the rupture of 
nine weak bonds in addition to the cystine bridge. With flour at 13.9% 
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LABLE III 


THERMAL DENATURATION OF WuHeat Proteins Ar 50°C 


| | ” = 
Motstune E sec A AF* AH® 
k cal mol |k cal/mol|k cal/ mol \k cal mol 
WHEAT® 
8.0 64.6 33.5 $4.1 64.0 92.6 8.8. 7.7 
10.3 64.6 54.9 $2.0 64.0 99.1 8.8 8.5 
12.1 64.6 35.8 $0.7 64.0 103.2 x8 8.6 
15.6" 64.6 56.6 29.5 H4.0 106.8 
16.0, 16.7” 64.6 37.1 28.7 64.0 109.1 x8 91 
19.9» 64.6 37.8 27.8 64.0 112.2 x8 93 
21.6” $2.7 17.1 26.4 $2.1 17.6 24 1 
FLOUR" 
49 | 236 9.15 29.7 23.0 18.8 0.6 0? 
73 23.6 9.25 29.5 23.0 18.3 06 OF 
10.5 45.3 23.0 $0.3 14.7 14.6 19 3.7 
183.9 57.9 324 29.0 57.3 87.6 75 7.3 
GLUTEN 
64-67 34.6 18.3 26.6 34.0 22.9 2.8 1.9 
64-674 43.8 23.5 27.8 13.2 $7.7 1.6 10 


*E assumed constant at moistures of 8.0-19.9%. 
» Calculated from data of Geddes (2). 

© Caleulated from data of Pence et al. (5). 

4 Determined by solubility method. 


moisture, seven or eight weak bonds appear to be involved, but at 
10.5°; 


¢ = 
at 4.2% 
volve only the rupture of a cystine bridge. However, the negative en- 


moisture the number apparently decreases to four or five, and 
and 4.9°) moisture it appears that the activation may in- 


tropy change of about —19 e.u. in this last case is not completely con- 


sistent with the mechanism pictured. With wheat at 21.69) moisture, 
two weak bonds appear to be broken. The baking test method of 
measuring denaturation in gluten indicates the rupture of two weak 
bonds, but the solubility method indicates twice as many. However, 
Pence etal. (5) have noted that the solubility method affects only about 
of the gluten and it is the less soluble glutenin remainder which 
is most susceptible to denaturation. 

Effect of Moisture. It has been shown recently that the coethcient 


for the diffusion of moisture out of wheat decreases by a factor of 10 


7507 
¢ 


) 


to 25 as the moisture content falls below a level of 8.5-9.3°%, (1). Con- 
sequently the marked change in the process of denaturation shown by 
flour as the moisture falls below this level is not surprising. It is prob- 
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able that this change is also shown by wheat, since the data for 8.0°, 
moisture in Fig. 3 are fitted better by an energy of activation of 42 keal. 
per mol. than by the average value of 64.6 keal. per mol. 

The relation among the thermodynamic magnitudes involved sug- 
gests that activation may be initiated by cleavage of a cystine bridge. 
It may be supposed that this unlocks the folded structure of the pro- 
tein molecule. Whether or not this is followed by rupture of weaker 
bonds holding the molecule in its folded configuration depends upon 
the availability of water molecules. Thus at low moistures only the 
initiating reaction occurs, whereas at higher moisture it is followed by 
the rupture of as many as nine of the weaker (probably hydrogen) 
bonds. Whatever the true mechanism may be, all results indicate that 
water can be looked upon as a catalyst which in the range of tempera- 
tures 50°-90°C. increases the rate of denaturation by increasing the 
entropy of activation, by decreasing the energy of activation, or both. 
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THE HEATING CHARACTERISTICS OF AN AMYLOGRAPH' 


STEPHEN Loska, AND JAMEs A. Day? 


ABSTRACT 


Thermocouple probings during amylograph tests indicated that the heat- 
ing of the suspension in the cup of this machine is uniform from top to bot- 
tom and from the outer radius to the axis of rotation. The exceptions ap 
pear to be in the range of 90° to 95°C. A soft-wheat flour suspension having 
the amylogram peak in this range exhibited larger temperature gradients 
than a malted hard-wheat flour suspension. The viscosity of the hard-wheat 
suspension was considerably less in this temperature range, the peak of the 
curve having occurred at a lower temperature. 


The simplicity of design of the Brabender Amylograph, the posi- 
tion of the thermoregulator, the use of a spiral wire for the contact 
mover, and the position of the heater coil all appear to be inadequate 
to provide uniform heating of the flour-water suspension. Johnson (1), 
in a report for the Amylograph Standardization Committee, noted 
that the data suggest that some variation exists in the various ther- 
moregulators used. In the tests several thermometers and operators 
were involved. The report qualifies the interpretation by acknowledg- 
ing that the inability to correctly place an auxiliary thermometer and 
inadequate stirring might be the cause of some of the variation. 

The purpose of this investigation was to determine the tempera- 
ture uniformity of flour-water suspensions during the heating cycle 
and to determine causes of any variations that may be noted. 


Materials and Methods 

The amylograph used for this test series was Number 303, Type 
AC7, purchased in 1953. ‘Trials were made using two flours at different 
concentrations in order to cover the typical conditions under which 
the amylograph is used. Suspensions of 65g. of a soft-wheat patent 
flour and 100g. of a malted hard-wheat patent flour in 460ml. ol 
distilled water were used. Flour weights were corrected to a 11°; 
moisture basis. The amylograph values of the soft- and hard-wheat 
flours were 780 A.U. and 500 A.U, respectively. 

A small mass iron-constantan thermocouple was prepared and in- 
serted into a glass tube, and the lead wires were sealed off with a fiber 
plug above the exposed thermocouple junction. The couple and a 
Brown Electronik recorder were calibrated separately and in combina- 


* Manuscript received October 26, 1955. Presented at the 10th Annual Meeting, St. Louis, Missouri, 
May 15-19, 1955. 
2 Address: Pillsbury Mills, Ine.. Minneapolis, Minnesota 
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tion. The net calibration curve was used to correct recorder values. 
All recorder temperatures indicated in the figures have been corrected 
by the combined couple-recorder correction curve. The cooling coil 
and the evaporation cover of the amylograph were removed during 
the tests, which is standard procedure in this laboratory. An A. Schuetz 
fractional-degre thermometer was used as the reference. The thermo- 
couple was placed in the bowl at the radius of the thermoregulator and 
at the axis of bowl rotation. Repeated runs were made with each 
sample until several points in the bow! had been probed. 

The amylograph curve was recorded for all tests where the position 
of the thermocouple would allow. When the couple was placed on the 
axis of cup rotation the spindle was secured in position and the spring 
and upper shaft assembly lifted out of operation. 

The indicating and controlling accuracy of the amylograph regu- 
lator-thermometer was checked against the standard thermometer by 
making and breaking contact in water of known temperature. 


Results 


Figure | shows the indicating-controlling calibration of the thermo- 
regulator at points every 5°C. over the useful temperature range. The 
difference between points of make and break was within 0.1°C. which 
is the limit of accurate scale readability. 

The regulator temperature agreed exactly with that shown by the 
standard thermometer over the entire heating range of 25° to 90°C. 

Figure 2 shows the results of the regwator driving rate tests. For 
these trials it was not necessary to have the amylograph operating 
under test conditions. The heater coil was disconnected and the regu- 
lator then tested. The dashed reference line in Fig. 2 is the theoretical 
indicator position plotted against time. Between 7 and 10 minutes the 
rate was faster than the 1.5°C. per minute design of the thermoregu- 
lator. This resulted in a slight lateral shift in the time-temperature 
curve. 

A test system would be slightly hotter than the time would indicate, 
though the regulator is controlling properly. This is probably because 
of nonuniformity in the spiral pitch of the wire contact mover. 

Figure 3 shows the time vs. temperature curve during a normal 
heating cycle with the water in the cup. The position of the thermo- 
couple is indicated by a small cross on two views, top and side, of the 
bowl and thermoregulator. The cross placed near the edge of the circle 
indicates the thermocouple at a position on the same radius as the 
center of thermoregulator bulb. A slight temperature gradient was 
evident at the upper temperature limits. The curve for the thermo- 
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REGULATOR TEMPERATURE, DEGREES,C 


25 30 40 50 60 70 80 90 
STANDARD THERMOMETER TEMPERATURE, 
DEGREES, C 


Fig. 1. Calibration curve for indicating accuracy of amylograph thermoregulator asured against 


the standard thermometer. 


couple on the same radius as the thermoregulator followed the theo- 
retical line better than the couple at the center of rotation. This is 
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Fig. 2. Calibration of amylograph thermoregulater drive expressed as indicated regulator temperature 
vereus time. The dotted line represents the theoretical per minute driving rate. 
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DEGREES, C 


wn 


RECORDED TEMPERATURE, 


nN 


10 20 30 
TIME, MINUTES. 


Fig. 3. The time-temperature curves of water during the normal amylograph heating cycle. The 
position of the thermocouple in this and succeeding figures is indicated by a small cross in the legend 
showing the top and side views of the thermoregulator and bowl. The dashed line represents the theo- 
retical temperature rise of 1.5°C. per minute, The solid lines represent the temperatures recorded at the 
different thermocouple positions. 


in line with regulator design practice. When the controller is placed 
near the heat source the material beyond the regulator (toward the 
center) should be at a lower temperature. With agitation in the cup 
this is evident only at the high temperatures. 

Figure 4 shows the time-temperature curves at three positions oi 
the thermocouple on the same radius as the thermoregulator bulb 
during amylograph tests using soft-wheat flour (65-g. basis). The posi- 
tions of the thermocouple were at the bottom, middle, and top of the 
suspension as indicated by the legends illustrating the top and side 
views of the bow! and thermoregulator. The time at which maximum 
viscosity occurred is marked on this and the following figures by a 
cross placed on the time axis. Measurements near the surlace were 
difheult in the range of maximum viscosity because of a tendency of 
the slurry to form a cavity exposing the couple. 

Figure 5 shows the time-temperature curves at two positions, bot- 
tom and middle, along the axis of rotation during tests on the 
same flour. 

‘Temperature gradients were evident again. Except for points at the 
very bottom outside radius and along the axis of rotation, the gradi- 


ents are not serious. The greatest deviations at high temperatures are 
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Fig. 4. The time-temperature curves of the thermocouple probings at the bottom, middle, and top 
"he of the bowl on the same radius as the thermoregulator during the amylograph tests of a soft-wheat 
is : flour. The time of the amylogram peak is designated by a cross on the time axix 
along the axis of rotation, and accompanying viscosity changes would 
hardly be evident because of the absence of spindle rods near the axis. 


100 


70 


o 


OEGREES, 


60 Fr 


TEMPERATURE, 


40 


ee. 0 10 20 30 40 50 
TIME, MINUTES 
; Fig. 5. The time-temperature curves of thermocouple probings at the bottom and middle of the bowl 
along the axis of rotation during the amslograph heating evele of the soft-wheat flour used in Fig. 4. 
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Fig. 6. The time-temperature curves of thermocouple probings at the bottom, middle, and top of 
thermoregulator during amylograph tests of a malted hard-wheat flour. 
The time of the amylogram peak is designated by a cross on the time axis. 
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Figures 6 and 7 show the time-temperature curves of thermocouple 


positions during an amylograph test of a malted hard-wheat flour 
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Fig. 7. The time-temperature curves of thermocouple probings at the bottom and middle of the bowl 


along the axis of rotation during the amylograph heating cycle of 


in Fig. 6. 


the malted 


hard-wheat 


flour 


used 
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(100-g. basis). Measurements near the surface were difhcult, again be- 
cause of the couple exposure. 

The deviations at high temperatures were less than the deviations 
with the cake flour slurry. At the high temperatures where a tempera- 
ture gradient exists the curve is well beyond the peak, indicated by 
the cross on the time axis, and the viscosity is considerably lower than 
at the peak. Gradients at high temperatures would not affect the 
amylogram peak of a malted hard-wheat flour. 

A slight upward bend in the curve is evident at the point of maxi- 
mum viscosity. No interpretation can be given, but it was evident in all 
five probings. 

Discussion 

The thermocouple probings during the amylograph test indicate 
that the heating of the slurry in the cup of this machine is uniform 
from bottom to top and from the outer radius to the axis of rotation. 
The exception appears to be in the range of 90° to 95°C., particularly 
with the flour having maximum viscosity in this range. The tempera- 
ture recording showed only a slight tendency to overshoot the point 
when regulator contact was made and the heat turned off. The 
dissipation of the latent heat in the coil, air, and bowl during the 
heat-off cycle raises the temperature of the slurry at a rate very nearly 
the same as the contact movement of 1.5°C. per minute. The heat 
cycle operates to drive the mercury of the regulator up to the contact. 

The data indicate that the spindle and bowl pins supply enough 
agitation to prevent localized heating. Compared to the size of the 
mercury bulb, the thermocouple makes a measurement at a small 
point. The small deviations from the theoretical curve measured by 
a thermocouple near the bulb may not be important, since the tem- 
perature of the thermoregulator is in effect a mean temperature at the 
surface of the mercury bulb. 

Other than the routine check for proper machine operation, two 
checks are advisable if the machine is to be used for accurate work: 
(1) The accuracy of the thermometer should be checked against a 
calibrated one. This will reveal the most common fault of a shortened 
contact wire due to returning the contact to the starting position too 
fast. (2) The uniformity of the regulator spiral should be tested by 
time runs. The lost motion or slack in the gear train and spiral con- 
tact mover should be removed alter the contact has been returned 
to the starting point. 

Literature Cited 
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RELATIONS BETWEEN WHEAT PROTEIN CONTENT, 
LOAF VOLUME, EXPANSION VOLUME, 
AND SEDIMENTATION VALUE 


II. Samples Delineated by Particle Size' 


R. H. Harris AND L. D. 


ABSTRACT 


Protein content and loaf volume tended to increase inversely with par- 
ticle size in two series of composite flours milled from hard red spring and 
Mexican wheats respectively until mesh No. 400 was reached. At this point 
a marked decrease in both properties occurred. Expansion volume and sedi- 
mentation value tended to increase with protein content and loat volume. 
No relation existed between particle size and the other flour properties 
measured unless the results with sieve 400 were disregarded, when vers 
significant correlations were obtained. 


Harris and Sibbitt (2) showed that results obtained with the expan 
sion volume method of Miller, Edgar, and Whiteside (3) and the 
sedimentation test of Zeleny (5) provide useful supplementary informa. 
tion to that furnished by protein determinations with hybrid wheats 
ol very diverse quality. But for wheats of generally superior quality, 
protein content, expansion volume, and sedimentation value had little 
relation to loaf volume. The authors concluded that litthe advantage 
accrued from use of either expansion volume or sedimentation value 
tests in preliminary screening of nursery samples for quality. 

The present study was undertaken to ascertain whether expansion 
volume and sedimentation value were related to other flour properties 
in two series of flours which differed in particle size within the group 
(1). One series was from a composite flour milled from standard hard 
red spring wheat varieties; the other was from a composite flour 
milled from a series of wheats grown in Mexico. Thus the influence 
of wheat variety was removed. Separation and properties of the hard 
red spring wheat series have been described by Harris (1). The Mexi- 
can samples were similarly prepared from a composite of residues. 

Methods used in the expansion volume, sedimentation value, and 
baking tests have been published (2, 3, 5) and will not be described. 


Results 


‘Table | shows comparative data obtained trom the two series of 
flour differentiated by particle size within each group (1). Protein 
‘Received for publication October 31, 1955. Published with the approval of the Director, North 


Dakota Agricultural Experiment Station, Fargo, North Dakota, 
Department of Cereal Technology, North Dakota Agricultural Experiment Station. 
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IABLE I 
Data Osrainep FROM FLours OF Particie Sizes 


Mesu Size Frot Loar EXPANSION 
% ce. ml. ml 
Mexican hybrid composite 
Original 
flour 150 11.8 254 
115 8.8 115 191 22 
150 96 135 134 25.1 26 
200 1O4 140 16.6 30.6 
250 145 16.2 S44 
270 11.7 160 14.2 37.7 3.2 
100 7.6 115 104 
Hard red spring composite 
Original 
flour 18.2 210 18.2 17.6 
1S 13.1 160 20.6 Stl 2.4 
150 13.8 180 21.6 Soo 2.8 
200 14.8 23.6 10 
200 15.9 210 23.8 O56 1.1 
270 16.8 240 23.6 692 1.1 
100 11.6 15 8.0 


* Insufficient flour for expansion test. 
"Impossible to read sedimentation value. 


content and loaf volume in both series tended to increase inversely 
with particle size until the smallest size, passing mesh No. 400, was 
reached, when there was marked decrease in both properties. This 
agrees with the results of Wichser, Shellenberger, and Pence (4) and 
Harris (1), and is evidence that this relationship exists generally in 
flours milled either commercially or experimentally. Expansion vol- 
ume and sedimentation value tended to increase with protein content 
and loat volume. However, calculation of correlation coefficients 


revealed no relation at the 5°, point of significance between particle 
size and any of the flour properties measured unless the results with 
sieve size 400 were disregarded, when very significant coefhcients 
(+0.90 or better) were obtained with the different flour properties 
assayed. 

Generally the conclusions on the utility of expansion volume and 
sedimentation value determinations for predicting baking quality de- 
rived from the hybrid samples (2) are confirmed by the results from 
flours of different particle size originating from the same wheat. Actu- 
ally they tend to weaken the belief that the two proposed methods of 
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assessing quality offer any advantage over determination of protein 
content alone. 
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Cereal Chemistry 


EDITORIAL POLICY 


Cereal Chemistry publishes scientific papers dealing with raw materials, processes, or 
products of the cereal industries, or with analytical procedures, technological tests, or funda- 
mental research, related thereto. Papers must be based on original investigations, not pre- 
viously described elsewhere, which make a definite contribution to existing knowledge. 

Cereal Chemistry gives preference to suitable papers presented at the Annual Meeting of 
the American Association of Cereal Chemists, or submitted directly by members of the Asso- 
ciation. When space permits, papers are accepted from other scientists throughout the world. 

The papers must be written in English and must be clear, concise, and styled for Cereal 
Chemistry. 


Manuscripts for publication should be sent to the Editor in Chief. Advertising rates may 
be secured from and_ subscriptions placed with the Meneging Editor, University Farm, St. 
Paul 1, Minnesota. Subscription rates, $11.00 per year. Foreign postage, 50 cents extra 
Single copies, $2.50; foreign, $2.60. Back issues, $3.00. 


SUGGESTIONS TO AUTHORS 


General. Authors will find the last volume of Cereal Chemistry a useful guide 
to acceptable arrangements and styling of papers. “On Writing Scientific Papers 
for Cereal Chemistry” (Trans. Am. Assoc. Cereal Chem. 6:1-22. 1948) amplifies 
the following notes. 

Authors should submit two copies of the manuscript, typed double spaced with 
wide margins on 814 by 11 inch white paper, and all original drawings or photo- 
graphs for figures. If possible, one set of photographs of figures should also be 
submitted. Originals can then be held to prevent damage, and the photographs can 
be sent to reviewers. 

Editorial Style. A.A.C.C. publications are edited in accordance with A Manual 
of Style, University of Chicago Press, and Webster’s Dictionary. A few points which 
authors often treat wrongly are listed below: 

Use names, not formulas, for text references to chemical compounds. Use 
plural verbs with quantities (6.9 g. were). Figures are used before unit abbreviations 
(3 ml.), and % rather than “per cent” is used following figures. All units are abbre- 
viated and followed by periods, except units of time, which are spelled out. Repeat 
the degree sign (5°-10°C.). Place 0 before the decimal point for correlation co- 
efficients (r = 0.95). Use * to mark statistics that exceed the 5% level and *® for 
those that exceed the 1% level; footnotes explaining this convention are no longer 
required. Type fractions on one line if possible, e.g., A/ (B+ C). Use lower case 
for farinograph, mixogram, etc., unless used with a proper name, i.e., Brabender 
Farinograph. When in doubt about a point that occurs frequently, consult the 
Style Manual or the Dictionary. 


For more detailed information on manuscript preparation see 
November 1955 issue (Cereal Chem. 32: 529-530. 1955) 
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Cereal Chemists Find 
Flour Treated with HY- KURE 


Gives Excellent Baking Results 


“ ” 
Lab” Tests | 
Rigid laboratory tests by cereal chemists under- 
A 1 score the fact that flour matured and bleached by 
Confi rm Earlier HY-KURE provides superior baking qualities. 
. . Many bakers are now using flour treated by 
Findings of HY-KURE to produce bread with a finer, more 
pone. i silky texture, uniform grain and a clear white 
HY-KURE is the revolutionary, new way of 
supplying chlorine dioxide for the maturing 
and bleaching of flour. A major HY-KURE 
advantage is UNIFORMITY of flour treatment 
. bakers can secure more consistent baking 
results with flour processed by HY-KURE. 


Why not learn how HY-KURE treated flour 
can help you produce better baked goods. 


Chemivalln 


1450 BROADWAY NE NEW YO. YORK 18,N.Y. 
SPECIALISTS IN FLOUR MATURING, BLEACHING AND ENRICHMENT 


*TRADEMARK U.S. Pat. No. 2,683,651. Other Patents Pending. 
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90-day self- ‘ising flour test proves 


PY. RAN” gives longer shelf life 
FLOURS 


Here flour leavened with PY-RAN and flour using another 
calcium phosphate give about equal results when 2 days old. 
But—when the flours are aged in a heatilator to equal 90 
days of package life, only the PY-RAN flour performs like 
new. The other definitely loses its strength. 


PY-RAN (monocalcium phosphate) 
has a moisture-absorbent coating to Agents.” Write 
ward off reaction before use. Result: unnase Soames 
longer shelf life—fewer returned goods. 
PY-RAN releases less CO, during the 710 North 12th St., 
mixing of dough or batter—saves St. Louis 1, Mo. 
leavening action for the oven. PY-RAN 
blends perfectly with other leavens - 
gives excellent texture, volume, and , 
crust and crumb color, little tunneling. 
includes SAPP-40 for machine dough- M 
nut mixes; SAPP-28, a slow-action ONSANTO 
baking acid; and HT* Phosphate 
(MCP monohydrate). 

*Reg. U.S. Pot. Off. 4 


SERVING INDUSTRY... 
WHICH SERVES MANKIND 
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U.S. TIGHTENS MINIMUM 


SANITARY MILL LIMITS! 


BASIS OF LEGAL ACTION 
1% OF _OF INSECT DAMAGE 


Only 1 “1 Rodent Pellet per 
Pint Maximum Permitted 


ministration 


WASHINGTON, D. C. 


New Levels Effective 


During 1956 Crop Year 


The Food and Drug Ad- 
has announced that it will tighten sanitary 


The basis of legal action of filth. requirements on wheat beginning July, 1956 to pro- 
contaminated wheat will be lowered to mote increased cleanliness in the Nation's food supply. 
the following: 

1 or more rodent pellets per pint George P. Larrick, Commissioner of Food & Drugs, 

of wheat (liquid measure) or 1 per- stated that during the period January through July 31, 

cent or more of  insect-damaged | 1955 wheat from 3754 cars was examined. Of these, 29 

kernels. ears were found to contain filth in excess of the 

The change will be put into effect rodent actionable level, and 3 cars showed insect dam- 
July 1, 1956, to coincide with the age to the extent of 2 per cent or more of the kernels. 
ginning of the crop year, and thu er- 

4 - The Commissioner said: ‘“‘Under the Program, sub- 
mit time for the Grain Trade to make “ie : 

stantial progress has been made in improving handling 
necessary adjustments. 

4 . and storage of wheat to prevent contamination. How- 

These levels will be applied in random : : 

ever, experience acquired during the past six months 
sampling of cars of wheat. , 
shows that the levels of judgment should be tightened 


Excerpt from U.S. 
Weljare Food and 
Bulletin M2715. 


Drug 


Health, Education and 


Administration 


if the 


program is to 


continue to be effective.” 


TH:S SEASON BE SURE WITH AEROSOL 


e@ EFFECTIVE on both insects and rodents 
e FAST AIRING — no liquid touches the floor 

e LOW COST, overnight fumigation 

e SAFE TO USE. Non separable Tear-Gas Warning 
e EASILY APPLIED, one application only 


| CHLORPICRIN | | CHLORPICRIN | 


“AEROSOL 
LARVACIDE 


DO IT 
YOURSELF 


Pipe your own Plant, in hours, easily and 


System. 


inexpensively with our new plastic Piping 


To help you surpass the requirements of the new regula- 
tions — write at once for free copy of the new guide to ef- 
fective and safer mill 
Aerosol Larvacide and the new piping system. 


fumigation and for literature on 


Line, 


117 Liberty St., New York 6, N. Y.— 1515 Third St., San Francisco, Cal. 
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MERCK PRODUCTS 
FOR THE FOOD INDUSTRY 


Ascorbic Acid 
Caffeine 


Cebicure* 
(Ascorbic Acid Merck, for Meat Curing) 


Cebitate* 
(Sodium Ascorbate Merck, for Meat Curing) 


Citric Acid 
Niacin 
Phosphoric Acid 
Riboflavin 
Sodium Benzoate 
Sodium Citrate 
Tartaric Acid 
Thiamine 


Vitamin Mixtures 
for Flour, Corn Products, Farina, and Macaroni 


Vitamin Wafers 
for Bakery Products and Macaroni 


Vitamin A Acetate 
Vitamin A Palmitate 


Food industry chemists prefer 
Merck Laboratory Chemicals 


MERCK &€& CO., Inc. 


Manufacturing Chemists 


RAHWAY, NEW JERSEY 


1 
‘ 
‘ 
*Trade-mark 
= 
SSA 
4 


SHORTENINGS 
YOU CAN DEPEND UPON 


PRIMEX B&C 


An all-hydrogenated vegetable oil shortening of 
exceptional stability. Excellent for all deep fry- 
ing purposes. Preferred by biscuit and cracker 

ers, manufacturers of prepared biscuit, pie 
crust and doughnut flours, and makers of other 
food products where rancidity troubles are to be 
avoided. 


SWEETEX 


The “High-Ratio” shortening. Especially de- 
signed to permit bakers to produce “High-Ratio” 
cakes, icings, and sweet yeast goods with su- 
perior eating and keeping qualities. 


NUTEX 


An all-hydrogenated vegetable oil shortening 
combining the exceptional stability of Primex 
B&C and the “High-Ratio” properties of Sweet- 
ex. A top quality shortening manufactured for 
use in prepared cake, yeast raised doughnuts and 
sweet yeast dough, and icing mixes. 


PRIMEX 


The all-hydrogenated shortening “that sets the 
quality standard.” A top grade shortening espe- 
cially recommended for doughnut frying, for 
pies, cookies and bread, and for other shortening 


purposes. 


PROCTER & GAMBLE 


Branches and warehouses in principal cities 


General Offices . . . . . . CINCINNATI, OHIO 
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for 
Positive 
Infestation 
Control... 


the NEW “ENTOLETER” ‘BIG INCH’ 
for 150 to 500 cwt per hour 


the STANDARD “ENTOLETER” unit for 
25 to 150 CWT per hour 


ou guarantee your flour specifications... 
let “ENTOLETER” Infestation Control assure 
the complete cleanliness of all ingredients 
and finished products . . . 
... the trademark “ENTOLETER” on milling 
equipment is your guarantee of complete 
satisfaction. Write to us for information 
concerning our products. © 


ENTOLETER DIVISION 
The trademark ‘‘entoveten”’ is your SAFETY INDUSTRIES, INC. 


guorantee complete isfoct Formerly The Safety Car Heating and Lighting Co., Inc 
of - a P.O Box 904 New Haven 4, Conn 


| 
| 
4 


STRENGTHEN YOUR POSITION... 


‘peace oF Kawsas ClTY 6, missouRr 


> 
+ 
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The fixed uniformity of DYOX treated flour is a definite 
advantage to the miller who strives to meet the baker’s 
demand for a starting product of constant value—which 
works in the bake shops with the least trouble and 
manipulation by the operator. DYOX treated flour 
assures overall dependability, uniformity of product, 
and ease of operation. 


“NOVADELOX”® for whiter, brighter flour... 
“Novadelox” is designed to meet the desire of the con- 
suming public for a bread that is truly white—and to 

enable millers to produce a uniform product of standard 
color. 
“n-RICHMENT-A"”® for uniform enriching . .- 
“N-Richment-A” provides a readily available, simple 
and troublefree product for enriching flour—with the 
assurance that the standard procedure of adding 
“N-RICHMENT-A” will produce 2 dependable 
standardized flour. 
THE N-A FLOUR SERVICE DIVISION with more thana 
ry of experience ..- 
The N-A Flour Service Division with its skilled labora- 
tories and staff is always available to work with you or 
your consultants on all phases of maturing, bleaching 
and enriching. Why not phone your nearest N-A Repre- 
sentative today! 


NA-62 
NOVADEL FLOUR SERVICE DIVISION 


ony WALLACE & TIERNAN INCORPORATED 


BELLEVILLE 9, NEW JERSEY 


A 
tor 
REPRESENTATIVES IN PRINCIPAL cities 
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SS when YOU 
ROCESS ® for flour maturing ..+ 


